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Desertification is the process of environ- 
mental degradation arising from the fragility 
of dryland ecosystem. Under excessive human 
exploitation stability and resilience of desert 
environment are deeply damaged. It slackens 
and sometimes disrupts the natural process of 
recovery in major ecounits bringing it to the 
point of disaster. At this stage it becomes 
imperative to heal the ecological wounds of the 
susceptive region by identifying and eventually 
controling the factors responsible for such de- 
pletion. The present volume is an exploration 
into the universal problem of drylands. It syn- 
thesises the theoretical and regional frames of 
the question of desertification in the Indian 
drylands with indepth analysis of its monitoring, 
conservation and management. The authors 
are professionals in the field deeply involved in 
the fundamental and applied aspects of research 

desert development. The target group of 

sers are the scientists, administrators and 
anagers working in the field of geographical 
analysis, ecology, resource development, en- 
vironmental policy, desert planning, and for- 
mulators of the comprehensive designs for 
national parks, protected areas and survival of 
species. У 
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EDITORIAL 


Interest on the problem of desertificatian has been viewed from 


different angles by scholars, politicians and policy makers yet the concern 


for their amelioration has always been the same. Three landmark events 
CON Conference, Nairobi, 1977 


(UNESCO Conference, Paris, 1960, UN 
and IRDC Conferenee, Tucson, 1985) have deliberated the questions of 
environment and man in the desert and semidesert areas and renewed 
their concern on a single problem, how to control the contemporary eco- 
deteriorations made by man himself. The present volume is the updated 
Version of the lectures, addresses and observations of the participants 
та University Grant Commission's National Workshop held in the 
University of Jodhpur (India) during October, 24 thru November, 4, 1985 
virtue of its location in the margin of the thar desert, the University 
9f Jodhpur took lead in designing most of its academic programmes, rese- 
arch directions and extension activities on regional problems ofthe 
Indian desert. 
The workshop deliberations integrate the inter-disciplinary research 
advances in various departments of the Universities and research institu- 
tions in India. Major contribution came from the scientists of Central 


Arid Zone Research Institute of India who are engaged in active research, 
development of new technology, field testing and application of laboratory 
findings in the arid and semiarid regions of India. The workshop drew 
50 scientists from different parts of India out of which 15 presentations 
were actually received for inclusion in the present volume. Except for 
meeting the requirement of consistency and format no susbstantial chan- 
ges have been undertaken іп the original manuscripts. The copy right 


and the responsibility for the content of the presentations rest with the 
respective authors. 


In the organisation and overseeing the academic deliberations, 
participants hospitality and field trips the assistance provided by the 
faculty and scholars of geography department, University of Jodhpur 
deserves special mention. The director/editor would put in record the 
role of Dr. Bhajan Lal, Dr. L. K. L. Saxena, Dr. S. C. Misra and Mr. 
Irfan Mehar who worked for the preparation and sciccessful completion 
of the 15 days workshop. Finally, the editor acknowledges with 
profound gratitude the valuable contribution of Professor Thomas 
F. Saarinen, Professor of Geography and Regional Development, 


University of Arizona, Tucson (USA) in writing a comprehensive intro- 
duction for the volume. 
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INTRODUCTION 


Thomas F. Saarinen 

Professor of Geography 

University of Arizona, 
Tucson, U. S. A. 


ofthe earth and our relationships to it are 
e. When I entered graduate school in the 
fficially designated wilderness areas in the 
ts to write environmental impact 


Our images and ideas 
evolving at a bewildering pac 
early sixties there were no О 


United States. There were по requiremen 
statements. Silent Spring of Rachal Carson, an often cited precursor of 


the American Environmental Movement of the 1960 s, had just appeared 
(Carson, 1962). In the ensuing decade the changing American environ- 
mental attitudes were reflected in a series of new laws culminating in the 
Natural Environmental Policy Act of 1969. The United Nations Confe- 
Tence on the Human Environment which took place in Stockholms in 1972 
indicated that perspectives on the ecosystem were changing at the global 
level as well as in America. At thattime the main impetus for "action to 
protect the environment came from the rich affluent nations. They found 
that their environment priorities Were not fully shared by many of the 
less privileged nations. This too has changed (Holdgate. 1982). 


The term “spaceship earth" may be seen asa symbol of the rapid 
evolution of environmental ethics. Such a term was never used when I 
entered graduate school. When first coined it was rezarded, as a maryel- 
lous image to help pople see the need to protect the earth’s life-support 
systems and to get across the idea that we are all in the same boat, pas- 
sengers hurtling together the rough space to we knew not where. Barbara 
Ward in Spaceship Earth used the image to express this sense of inter- 
dependence and community of human destiny; as well as the precursors 
of our total dependence on a “little envelop of soil anda rather larger 
envelop of atmosphere” both of which could be contaminated and 
destroyed (Ward, 1966). 


Yet within a couple decades this exciting and useful concept has lost 
its lusture due to rapid advances in environmental ethics (Miller, 1988). 
Now the spaceship earth concept has been labelled 
What is now seen as necessary are sustainable earth eth 
Such ethics are based on the belief that hum 
that in satisfying our needs we should work 
share the earth’s finite resources with our f 


human species. Matter and energy are seen as finite and should not be 


wasted, “There is enough for evcrybccy's need but not for anybody's 
greed” in th: phrase of Mahatma Gandhi, 


"shallow ecology". 
ics or deep ecology. 
ans аге part of nature and 
with nature, that we should 
fellow humans and. all non- 


Deep ecology calls for us to distinguish between our wants and 
needs by harmonising life styles with natural cycles. In. North America 


and other aflluent areas on earth this would involve adapting a philosophy 


of voluntary simplicity based on doing more with less. More then are 
intellectual understandings of the general ways nature works is required. 


Or suburban-area, or 
By identifying with the place we 
as it becomes a part of us, Thus we аге 
and to heal its ecological wounds. 


in a large or small geographical region. 
become sensitive to it, a part of it 
driven to defend it against damage 


о have selected as their 


ments and maladjustments to this place they are itisi 
its essential qualities. In the long run this will 
India and the rest of the world to better underst 
earth. It could also instruct and encourage decisio 
adjustments to aridland ecosystems, 


and this portion of the 
n makers to make better 


It is encouraging to see such dedicated efforts come to frutation. The 
Indian scientists, who have authored the chapters, show that interdepen- 
dence and a sense ofcommunity among world scholars is becoming a 
reality, and that global environmental awareness is deepening, For they 
frequently refer to desertification studies elsewhere as they describe the 
unique features of their own arid areas. They have drawn upon informa- 
tion and gained inspiration from research in analogous areas in other 
parts of the world. Now this book will reciprocate as it provides aridland 
researches everywhere with a comprehensive view of desertification in the 


dry zone of India. 
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RECENT ADVANCES IN MONITORING THE 
PROCESS OF DESERTIFICATION 
ECO-UNIT PLANNING 


^.K. Tewari 


I. INTRODUCTION 


а. COMPLEX PROCESS: Desertification is a complex 
Process of maladjustment between interacting forces 
Of physiobiotic environment and their users. The 
Natural deterioration of land resources (soil, vege- 
tation and wildlife) .may follow some long term 
Physical changes like climate, altitude or changes 
in the overall behaviour of the earth System, but 
to a greater extent and within shorter periods such 
Phenomena are triggered off by the users of land. 
Plants and animals use their habitats in interdepen- 
ding feedbacks and interlocking chains known as 
ecosystems. But it is the man who has greater 
mobility and sustained energy to intervene the eco- 
System in what so ever manner he considers pro- 
fitable. For short range profitabilities man тау 
$ven break the natural ecosystem adversely reducing 
the quality of environment. It may initiate deserti- 
fication Step bystep - firstin the form of decline 
in biological activity, gradually weakening the fra- 
gile balance of eco-units, and finally üsurping the 
Otherwise stable environment to desert like condi- 
tions. Literally deserts are areas uninhabited, de- 
Solate, barren, waterless, unattractive and unintere- 
Sting to man. The spontaineous chain reaction between 
Organic (users) and inorganic (Land) elements to 
the loss of land quality is called desertification 
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or desertization. Usually spatial limits of such areas | 


are confind to the drylands of the world’ but it 
may sprawl to any marginal space. Due to low human 
intervension the core areas are mostly unaffected 
but the peripheral zones with high population den- 
Sity are prone to this hazard. 


b. A CONCERN FOR MONITORING THIS PROCESS: More 
than one third of the total land area of the globe 
is prone to the hazard of desertification. Some of 
the early civilizations Such as Indus valley, Meso- 
potamia, Nile and Persia succeeded іп formulating 
human use centres at the desert margins. However, 
the modern man has a limited success in establishing 
an economic foothold in such areas. It is partly 
due to disproportional growth of population in the 
semiarid lands and partly due to late commencement 
of desert development planning. Such areas have 
low degree of future return and higher susceptibility 
to drought and famine. From the risk zones we 
“May conveniently drop several categories of dry 
zones such as cold polar, cold continental, cold 
uplands апа tropical deserts of permanent nature, 
for, these are seldom used intensively. Then where 
we have to pinpoint our monitoring endeavours? These 
are the densely Populated desert margins. 

Although the ecorisk areas of the globe are 
distributed in almost all the latitudes, altitudes 
and in continental interiors or coastal zones, yet, 
they have a homogeniety in one character - the scar- 
City of water and 8 delicate balance of life forms 
at the threshhold of Survival. Their ecological system 
is so finely tuned to the paucity of water that no 
biotic disturbance is permissible in a Strict resource 
planning sense. In this context the present discussion 
concerns to project an eco-unit Study in a desert 
region of India : the Desert National Park. Such 


to ensure self рег- 
rare plants and animals. 
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Under the Man & Biosphere Programme (MAB) of 
UNESCO, the Advisory Board of the Indian National 
Committee in 1979 has identified 13 areas as environ- 
mental  Centres/Biosphere Reserves in India such 
as Gulf of Manners (Tamil Nadu), Kanha (M.P), 
Kaziranga and Mannas (Assam), Namdapha (Arunachal 
Pradesh), Nilgiri (Karnataka and Kerala), Nanda 
Devi and Valley of Flowers (u.P.), North Islands 
of Andamans, Nokrek-Tura Range (Meghalaya), Sundar- 
bans (Bengal), Runn of Kutch (Gujrat) and the Thar 
(Rajasthan). The planning of a desert National Park 
is just a beginning to this direction. 


JECTIVES : In the present 
from varied discipline have 
time to present their comp- 
expertise in monitoring 
It focuses the present 
watch system by 


с. THE WORKSHOP OB 
workshop academicians 
assembled for the first 
rehensive  technoscientific 
the process of ecodisasters. 


and future techniques of space 
remote sensing, computer aided techniques and con- 


ventional cartonumerical methods with а view to 
formulate an environmental ameliorational plans for 
hazardous areas. The participants and resource 
personnels have come from almost all the geographi- 
cal areas of India - North east (Shillong, Imphal), 
Sutlej-Ganga plains (Kurukchhetra, Rohatak, Delhi, 
Aligarh, Lucknow and Gorakhpur), the Deccan plains 
and plateau (Hyderabad, Kolhapur), coastal plains 
(Madras, Waltair), Gujrat plain (Baroda) and the 
arid and semiarid plains of Rajasthan (Jodhpur, 
Jaipur, Bikaner, Ajmer, Веамаг, Didwana, Bhilwara, 
Ganganagar, Chittorgarh). The objectives of the 
workshop are 
(1) To acquaint the teachers and scholars of Indian 

Universities/Colleges the present state-of 

the art in measuring the process of environ- 


mental deterioration; 

(ii): to devise апа apply field and laboratory 
methods for testing spatial and temporal dimen- 
sions of the natural hazard of desertificat on: 
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(iii) to perfect the technoscientific knowledge in 


assessing, monitoring, storing, presenting 
and sensing the overall aspects of ecodisas- 
ter | and К 


(iv) to strengthen the national and regional conscio- 
usness for ameliorating the Supply of natural 
flow resources in fragile ecounits and to spread 
the application of new tools and teaching 
.materials Тог ап interdisciplinary research. 


WORKSHOP DESIGN 
The workshop addressed the following themes: 


- Conceptual frame 

. Field survey methods 

. Cartographic tools 

- Quantitative monitoring 

. Remote Sensing techniques 

. Recent advances in environmental studies 
e Specific field Study in areas of ecocrisis 
- Monitoring physical processes 

+ Monitoring human processes 

- Deforestation and desertification 

- Ecological imbalances in food Systems 


Issues in environmental planning and oasisification 


II THE SPATIAL AT 
NATIONAL PARK 


а. THE REGION: The Spatial system in a desert 
region impresses upon the life forms in two contra- 
ling ways : the abundance of warmth, light and 

eme scarcity of water. As a se- 
guence to these unfavourable condition, the Тапа- 
Scape appears desolate, wild and devoid of any 
natural cover of vegetation. In a Sense its unattra- 
Ctiveness to human occupancy is a boon for desert 
wildlife which remains unharmed and truly virgin 
by nonintervention of human species. The discussion 
deals how a Specific habitat planning of desert 
ecosystem can be organised into an organic complex 


TRIBUTES OF THE DESERT 


—-— 
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wherein each independent unit sustains. one another 
by interacting feedbacks. It examines the aspects 
of ecological energy requirement, entrophy levels, 
biological adaptibility and preservation of a recre- 
ational space for human use in a proposed national 
park located deep in the thar desert. The richness 
Of the natural ecobeauty of Indian’ desert is to 
be preserved in this national park. 

The Indian Desert National Park is being deve- 
loped in an area of 3,161 sq. km. in the districts 
of Jaisalmer and Barmer (Lat. 26°27°N, Long 70?30'- 
71910'E). Following the recommendation of National 
Commission on Agriculture and Indian National Com- 
mittee of MAB, the Rajasthan wild life Department 
has taken the work of this park under the Desert 
Development Programme (DDP). Compared to other 
national parks of the world, such as Canadian Na- 
tional Park (80,000 sq.km.) Tsava National Park, 
Kenya (8,000 sq. km.) and Serenghati National Park, 
East Africa (5000 sq. Km.), the proposed eco-unit 
Ае quite small, yet it will be the largest National 
Park for a desert region. Its major objectives are 
to understand the life cycle of desert flora 
and fauna and to preserve their biological processes 
iha natural habitat: Thei Union Ministry of Rural 
Reconstruction (MRC) has allocated Rs. 25 million 
for this project apart from what is being done 


by the state of Rajasthan. 
has some of the most 


The Great Indian Desert 
rved in Jaisalmer-Barmer 


region. It includes the most elusive and secretive 
bird like the Great The bustard 
family was once widespread in the entire arid and 
semiarid parts of India, Pakistan, Middle east and 
Central Asia. But due 10 serious persecution by 
the rich Arabs its number has gone down. The 
Species of Ноирага Bustard has suffered most. It 
has. Become  fextinct- lhese birds migrated from 
the semiarid areas of Aral-Caspian region (U.S.S.R) 
during winter and laid eggs in the deserts of Arabia, 
Pakistan and India. Their young ones were fed on the 
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ample. locusts swarms frequently visiting these regions. 
But .due to some traditional liking of Ноџбага bird 
meat for sex stimulent, the birds were brutally 


hunted. However, in the Indian: counter part of the 
desert they were preserved by the native folk. 


b. DESERT ECOSYSTEM : The ecosystem consist 
of interacting natural processes within the confines 
of a particular space. It also includes a sequent 
occupance system of man_ himself comprising his 
cultivated plants, domesticated animals; his consequ- 
ential interplays, attitudes, objectives, technical! 
skills and cultural menifestations. In the proposed 
national park the critical desert ecosystem of endang- 
ered species will be preserved for recreation and 
research. In the favourable environment the natural 
vegetation will regenerate food for the primary comsu- 
mers. The wild animals of thar’ thrive on tender 
shoots of crops, berries, grasses, herbs and shrubs. 
The desert plants are specially adapted to 
arid conditions. The major forms of adaptation are 
water conservation, thermal protection, structural. 
adjustments, behavioural and Synoecological modifica- 
tions. By virtue of their computer tailored combi- 
nations of physiology, .morphology and anatomy these 
life forms can withstand long spells of drought. 
The annuals evade dry spells by rapidly completing 
their life cycle during the period of monsoon” and 
passing the remaing part of the year lying dorment. 
Their Scattered spacing and root development .help 
in this process. The desert fauna also follows à 
diapose state during dry season and increased acti- 
vity at the time of inflorescence. The floral activity 
is further energised by temporal brilliancy in colours 
and penetrating odours during a limited period which 
attracts pollen carriers. The  succulents have an 
extraordinary capacity to store moisture inside their 
roots and stems and protection from all possible 
attacks of evaporation ог animals. Their ecological 
armanents are thick and Spiny bark, hairy and waxy 
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leaves and thorns. The ephemerals are not truly 
xerophytes for their activity fluctuates with the 
season of rains. Their physical adaption is mesophytic 
£ Following the advent of man, the natural posi- 
tion of desert ecosystem transformed. First he become 
a potential destroyer and later a planned creator 
and conserver of the productivity and hospitability 
of desert environment. In the beginning his inter- 
vension was quite benevolent with marginal impact 
on animal and vegetation groups but with increasing 
technologies and higher needs he was able to exploit 
the entire biological reserves. Unplanned grazing 
conventional agriculture, war exercises and liberal 
hunting are the greatest enemies of desert. А slight 
loss of biomass will.cut off the life stream of the 
animals, deprive them of their foods and .shel- 
ter. As a creator, he has reorganized the de- 
Sert space-brought new Sources of water, plant- 
ed more trees and preserved the species of 
animals. This is what we саш is planning of 
ecounit. Е 


c. А HUNTING FREE ZONE : In the proposed national 
park there will be no sanctions for animal hunting. 
All the natural pools and thals in between sand 
hills (dhrians) will be developed into winter homes 
of the visiting species of birds in the Indian desert. 
The main winter visitors are lesser bustard, Imperial 
Sandgrouse ( Petrocles exustus). .Kashmir raller (Cor- 


acias garrul) etc. These birds land in this region 
r and December. 


in flocks of millio i 

On:'the shores of interdunal ins colourful flowers 
of Kair- (Capparis decidua) and Rohira [mecomele 
undulata) blooms. The landing of these migratory 
birds is a phenomena unparelleled in beauty. mS 
Scheme has three sta programme invo 
ving a total expenditure of Rs. 60 million буе 
а period of five years: {П the first stage the enti 


bio-reserve will be classified i у e zone fis 
from any human intervention. It will be surroun e 
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by a girdle belt of controlled grazing and restricted 
farming. It will -help the desert bushes and "o ond 
ting flora to grow wild and provide a аш пага 
space Тог the threatened species. The park у 
more than 60 bustards, hundreds of chinkaras (gazel a 
pallas), common bustard (Chlamydotis undulata), Grea 
Indian Bustard (ChoriotiS nigriceps), Indian courser 
(cursorius coromandelicus), grey patridge (Frencalinus 
pondi cerianus), rosy pastor (Pastor roseus) ,starlings 
(sturnus vulgaris), тупаћ (Acridotheres tristis) and 
innumerable tilors, wild cats, desert fox (Vulpis. pu- 
silla), palm squirrels (Funambulus pennanti), falcons 
and game birds. 

To achieve this end several grass and bush 
pastures (phog), several water reserviors and thou- 
sands of trees (Khejari, kair, babul and ber) have 
been artificially planted and maintained. The water 
of Indira Gandhi Canal is also diverted to keep the 
subsoil moist. 

Secondly, a research centre will be established 
to conduct special studies of rare Species. It will 
be coupled with a chain of honey producing centres 
where bee keeping will be monitored after introducing 
more exhotic species. It will increase the natural 
process of honey Storage and will help in the cross 
pollination of desert vegetation. Honey and wax mark- 
keting will be developed en modern lines. 

Finally, an intricate network of tourist obser- 


vational posts, camps, machans and tracks will be 
developed. It will boost the regional economy of Jai- 
salmer desert. 


d. FOSSIL WOOD PARK : Under the National Desert 
Park Scheme (NDPS) the state tourist department 
has added a new dimension. At Akol some 17 km. 
from Jaisalmer, a fossil wood park has been planned. 
In this area fossil wood logs are found in great 
number. The first fossil wood area measuring 7 
meters in length and 1.5 metres in breadth was dis- 
covered by the Geological Survey of India as early 
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as 1900. Later more than 60 twisted and brittle 
pieces of log fossils have been found, the biggest 
being 7.5 metres long. It is assumed that these 
fossils have been deposited in this area by the 
wild rivers millions of years ago from the dense 
lower Jurassic forests that once stood in and around 
Jaisalmer. The trees must have been nontropical in 
nature such as pine. The Pleistocene desertic con- 
ditions and recent ground -water circulation in this 
fossil rich area have manifested an architectural 
design to the buried woods resembling the superb 


Carvings of Jaisalmer city. 


MONITORING OF DESERTIFICATION 
CONCEPTUAL FRAME 


K.A. Shankarnarayan 


I DESERTIFICATION-AN OVERVIEW : 


bbs i Desertification to an ecologist is a systematic 
ae omenon involving climate, soils, flora, fauna 
Sere It may be regarded as a form of deterio- 
Mace of the ecosystem due to change in human 
rr Mee Desertification arises from the fragility 
Бебе e dryland ecosystems which under excessive 
za eura of humen use lose productivity and ability 
in pui d Stability and resilience are major factors 
ae е viability of all the system-social and cultural 
well as physical and biological. 
fis Desertification, therefore, can be defined 
ЕЭ раскаде of processes which brings about certain 
it 5 changes in а particular ecosystem and converts 
Thi romia relatively nondesertic to a desertic terrain. 
AC involves an interplay of climatic, edaphic 
biotic factors which may (a) work through time 


Starting with a climatic accident and ultimately 

of a desert, or (b) to 
ditions within an already 
f the desertic 
ds its adjo- 


Ere 18:10 of the arid con 
сые tercaing от (с) сацвега сгеер о 
in itions within а desertic tract towar 
Ng areas (Mann 1977). 
Dax Although desertification Сап develop from 
и КЕ cause alone and in any climatic zone, the 
TOM .cohference at Nairobi in 1977 mainly focussed 
RE en with desertification that derives from inte- 
ion of human use system with natural ecosystem 
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in the arid, semi-arid, sub-humid and humid zones. 
For these reasons desertification must be diagnosed 
and monitored through the whole range of physical, 
biological and social processes relevant to ecosystem 
and human adaptation of drylands. When the balance 
of an ecosystem breaks down due to desertification 
it may be difficult to constitute a viable human 
use system as to restore primary productivity. As 
a result the land may be totally lost to human com- 
munity. Hence if people are mainly responsible for 
desertification, it is equally most efficiently com- 
bated by diagnosing and arresting the social and 
economic processes that lead to it. (ESCAP 1983). 
Thus desertification is mainly a man made 
problem which leads to the environmental degradation 
of fertile lands. The basic cause of desertification 
is the interrelationships between the physico-environ- 
mental system and the various human adaptation. 
This is because the environment (when defined as. 
the sum total of the conditions that control human 
activities) are under stress of human needs or adap- 
tion (when adaptation is defined as the various 
means the human being adapt to Survive themseleves). 
Thus it is the human activities that primarily ini- 
tiate desertification processes. With this, the quality 
of resource management should be added ог considered. 
The skill is also important. Over exploitation of 
resources cannot be ignored. The two combine to 
add to the intensity of environmental degradation 
or desertification hazards. Some of the main human 
and biotic interactions that are Causing desertification 
hazards are: 
i) Uneconomic land-use-cultivation on the sand 
dunes, marginal lands affecting adjacent fertile 
lands are a menace to soil erosion. 
ii) The intensive and uneconomic or over exploi- 
tation of water resources leading to rise 


water table, seepage problems and problems 
of increased salinity. 
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iii) , Uncontrolled grazing and indiscriminate cutting 
of trees or over exploitation of grazing lands 
and forest resources leading to drought, soil 
erosion, deterioration of soil fertility and 
stunted growth of trees. 
These activities cannot 

but definitely subject to control 

Accordingly desertification exists 

and will continue to be a problem. 

Sen, 1985). 


be totally suspended 

by proper management. 
in all the areas 
(Shankarnarayan & 


Ц MAJOR PROBLEMS OF DESERTIFICATION 
INDIAN SUB-CONTINENT - 

According to UNEP'S estimate (1977) a total 
area of 4,361,000 sq. km. in Asia and the Pacific 
has been involved by desertification. This has affe- 
Cted a total population of 28,482,000 of which the 


urban based, cropping based and animal based are 
27%, 54%, and 19% respectively. This paper is de- 
Signed to provide а brief overview of the problems 
Of desertificatipns in India, Bangladesh, Nepal and 


Sri Lanka. 


(a) India: 

I i id zone covers about 12 per cent 
of the ври tse овоарар и а area (320,000 sq.km.) 
Covering parts of Rajasthan (62 per cent), Gujarat 
(19 per cent), Punjab and Haryana (9 per cent) 
and Andhra Pradesh and Karnataka (10 per cent). 
In addition to this, an area of about 70,300 sq.km. 
9f cold desert exists in Ladakh in Jummu and Kash- 


" ' Е 
mirc Th -fifths of Rajasthan lying west 0 
NU aee e the bulk of the arid zone 


he resources available, 
64 persons per 
f low productivity 
a fairly 
pressure of 


Of the country. Considering t 
је density of popu 
di km. is quite high. 
op? Indian, desert sustains 

livestock. The high 
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grazing lands, specially in view of its low carrying 
Capacity, results іп the over use of these lands 


The foregoing апа other biotic and Socio-econo- 
mic factors reveal that the region suffers from a 
number of problems. The man/land ratio is fast 
declining. As a consequence more and more marginal 
land is being brought under the Plough. resulting 
into a substantial increase in sown area at the axpa- 
nse of grazing lands. But at the same time the live- 
stock population has increased leading to an over- 
exploitation of the shrinking grazing lands. Culti- 
vation on sand dunes and marginal lands is not only 
improper but is also а menace to soil erosion. Si- 
milarly, the increased Population. has led to the 
increasing demand of Wood Тог“ ifuel, and. has “led 
to an Overexploitation of vegetation resources, ; 

Increased desertification Problems are also 
evident in the form of increase of salinity hazard, 
Seepage and water logging problems, rise of water- 


due to overuse of -canal waters and Overexploitation 
of water resources. Due to intensive use of canal 
irrigation, water table . has reached only within 
a limit of 30 to 60 cm in Borpal area near Suratgarh 
causing a number of waterlogged areas. The rise 
.Of water table and seepage problems have threatened 
the existence of the sites of pre-historic excavations 
of Kalibanga and Rangmahal in Ganganagar district. 


II. AN ASSEMENT OF ENVIRONMENTAL DEGRADATION ÍN: 


THE ARID ZONE OF RAJASTHAN: 


The inherent Vulnerability of the land ‘and 
intense biotic pressure have combined to set' in 
а process- of deterioration within the arid zone. 
Different manifestations of this process were quan- 
tified in respect of a 2000 km* area in Luni basin 


\ 
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as a case study for presentation at fhe U.N. Confe- 
rence on desertification in 1977. The results of 
such studies carried out for Rajasthan desert as 
a whole are presented in Table 1. 


(b) Bangladesh: 


It has been reported by Bangladesh (ESCAP 
1981/83) that process of desertification has been 
evident in the following regions: 

i) Southwestern region (all of the lands south 
and west of the Ganges-Padma-Lower Meghana river) 
plus adjacent area north of the Ganges in Rajshahi 
and Pabna districts. Geographically this land com- 
Prises the Bagri region and S.W. lower Ganges plain 
(Chatterjee 1940) or Moribund delta of west and 
the tidal saline flood plain of the mature delta 
and immature delta (south-Sunderban) (Bagchi 1944; 
Rashid 1977). This comprises 4 total area of about 
53,760 sq. km. It is conjectured that the low water 
flow of the Ganges in dry season have caused a 
Chain of adverse effects specially on the agricultural 
sector. The salinity from the Bay of Bengal intruded 
into the river and the land masses in the south 
Western region of the country affecting the prevalent , 
System of. agriculture. Salinity showed marked incre- 
ase from a normal average of 500 to 1000 micromhos 
Per centmetre to 13,600 micromhos per centimetre 
in April, 1976. Salinity penetrated about 132 km. 
further. iniand from the normal incursion limit of 
about 13 km. upstream of Khulna town. General obser- 
vation, ‘however, is that the increased salinity 
in extreme S.W. part is due to the saline inundation 
from the sea. The increased urbanisation and industri- 
alisation in Khulha area has also led to the over- 
exploitation of water 1 increase of 
Salinity hazards like that of adjacent Calcutta area 
„ОР west Bengal. Besides the Bagri region ог the 
Moribund delta including mature delta (saline flood 
Plain area only) has been known for its salinity 
and low water supply since 1079. The Moribund 
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part of delta is characterised by rivers ты и 
with sand and unable to carry much water eee 
when the Ganges 15411 high flood. The анн 
Slightly higher land to the south has paan жирен 
by Strickland (1946) as the rise of the tide whi 

has led to rapid deposition of the Silt carried by 
the once active rivers. The findings indicate a tecto- 
nic origin. It is evident that the main distributaries 


most (Rashid, 1977). Actually drought condition 
is not so acute and virtually does not prevail here 
except to a very Small extent in the Kushtia area 

i ‘summer and relative low rain- 


fall like that of adjacent Murshidabad and Nadia 


area of West Bengal. 
ii) Barind tract, 


to a very low extent 
of lands, апа 


iii) Madhupu tract Myemensingh 12,505 sq.km. 


Probably due to over exploitation of vegetative 
resources and overgrazing. 


In a deltaic а 
desh, desertificatio 
the resources’ аге 
inhabitants, The pro 
due to total inundation 
water resources due to in 
Strialisation, ii) Increas 
on land and iii) Over 


Rajshahi district 1267 sq.km. 
due to uneconomic utilisation 


and over exploitation of 
creased urbanism ang indu- 
ed pressure of population 
grazing and deforestation in 
larly in Garo hills adjacent 
to Meghalaya Plateau of India, 

It is also possible that the Shifting cultivation 
(Jhum), rapid deforestation ang industralisation may 
lead to desertification in the Karnafuli basin, hilly 
and ridge and valley terrains in Chittagong hill 
tracts. These require investigations. 


(c) Nepal 


In Nepal, the regions indicating the Symptoms 
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of various desertification processes and their effects 
may be found in (a) Trans-Himalayan region, which 
is heavily overgrazed, (b) parts of the humid moun- 
tains and. hilly region where as a result of popu- 
lation pressure on land, accelerated soil erosion 
and frequent landslides are symptoms of unpreceden- 
ted degradations of land with a consequent declining 
trend of productivity and lastly, (c) the Terai 
plain which is exposed to severe floods in each 
Monsoon with increasing trend of bed load deposition 
in rivers and possibly some wind erosion during 
dry season. This 15 an area of discontinuous strip- 
about 16 to 32 km. broad with large areas of Savannah 
and  :al forest. 

The problems of desertification have arisen. 
mainly from the following human interferences: 

i) Widespread deforestation to meet the in- 
creased demand of fuel for ever increasing population. 

ii) Overgrazing-particularly the semiarid 
tract. opening to the Tibetan plateau where forced 
grazing over limited pasture land has led to deserti- 
fication. An equally desperate situation is occurring 


in hilly areas. 
iii) Cultivation on 
lands and other erosion 


menace to soil erosion. я | 
iv) Clearance of forests in Terai area for 


resettlement and cultivation inducing water erosion. 
Decline of entire forest in Nepal from 6.4 
million ha to 4.8 million ha from 1964 to 1974 and 
ic mion Ral during 1980-81 indicates that the 
forests in Nepal are really in a critical state. The 
deforested and overgrazed areas and shifting culti- 


vation present a gloomy picture. 


the rainfed steeply sloping 
prone areas which is a 


(ч) Sri Lanka 

Drought conditions prevail in the north. and 
eastern part of Sri Lanka where most of the rainfall 
Comes in the N.E. monsoon months (60% of annual 
total) and the intermonsoon months (Sept. to Nov.). 
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A secondary maximum, due to the effect of "little 
monsoon" and its convectional апа cyclonic rains 
eccurs in the north central or Anuradhapur areas 
in April and May. The rainfall here is subjected 
to considerable variability and frequent droughts. 
Process of desertifications are evident in Sri Lanka 
in the following areas: 

i) The low land dry zone: a) the W.coast, 
b) The Jaffna peninsula and island; c) The E. coast 
lowlands; d) The sea coast, low lands and e) Bintenne 

ii) The Central Massif ог the highland of 
the east; a) the E. Kandy region and b) the Uva 
basin. Thus about 70% of the island is subjected 
"То desertification hazards. 

The problems of desertification in Sri Lanka 
have arisen mainly from the following factors; 

i) The movement of the sand from the eastern 
and southeastern coastal regions towards the Jaffna 
peninsula ог northern centre or Anuradhapur · area 
due to increased cultivation practices on these dunes 
for coconut and paddy (like Batticaloa region) in 
the marginal lands. | 

ii) Overgrazing and deforestation in the Cen- 
tral Massif particularly in Kandy plateau and also 
in northern centre of dry zone in Anuradhapur area. 

iii) Increased cultivation practices in the 
Jaffna area to meet the demand of the increased 
population leading to shrinkage of pasture lands 
and overgrazing. 

iv) The restoration of old irrigation works 
of the dry zone like the vicinity of Trincomalce: 
Anuradhapura has led to over exploitation of water 
table leading to the rise of water table and salinity 
problems. 

v) Increased Salinity in the coastal areas 
and tidal invasion through the consequent radial 
streams. Ё 

vi) Expansion of Chena cultivation system, 
the oldest form of rural cultivation in Sri Lanka 
is alarming as it has -already induced desertification 
problems in dry zone This is done by construction 
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pa Гезїогәнөп of tank by clearing the forests below 
which highland rice is cultivated. The system has 
influenced on deforestation, over-exploitation of water 
Shrinkage of pasture land, loss of water by siltation 
expansion of cultivation on marginal lands. 


YI. SPREAD OF DESERTIFICATION IN INDIA 


dia constitutes a significant 


The arid zone in In 
phical area of the country. 


за (12%) of the geogra 
t extends over a wide latitude covering both pennin- 
sular and extra-penninsular region. The northern 
ence of the arid zone is the continuation of the 
ajor Afro-Asian hot „desertic region. Biogeographi- 
Cally, the biota of this tract holds 'western' affini- 
ties to a great extent. The cold arid tracts of Ladakh 
located in the Himalayan zone, depict entirely dif- 
ferent biogeographical attributes. 
= Taking into account the manifestation of aridity 
in the natural setting and ecological features, the 
'Core region' of the arid tracts of this country, 
including a small - 'extremely arid' area, are broadly: 
restricted to Rajasthan and its neiglbouring states 
of Gujarat, Punjab and Haryana. The focal centres 


for manifestation of desertification are also most 
especially in 


Pronounced. in the Rajasthan region, 

View of the intrinsically 'desertic' naure of this 

Zone. As such, the bulk of investigational and imple- 
have been 


of various agencies 


.Mentational activities 
d to this tract. Much of the 


to ап extent, restricte у 
Statements of this, report, consequently, pertain 
to the Rajasthan State and its proximal areas. 

al factors of aridity and 


The causative natur y 
desertification, are the inherent climatic conditions. 
the geological and geomorphological setting. The 
ocks are submitted to extreme temperature variations, 
With resultant fragmentation and accumulation of 
detrital sand which -are easily transported by raging “7 
Ninds. High evaporation and low precipitation combine | у 
te create ‘conditions which facilitates salinization. 
9f the entire tract and accumlation of minerals M 

x 


\ 
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the ground water and surface water. Soil development 
is relatively poor due to the low organic detritus 
obtainable in the tract, as the shortage of water 
sustains meagre vegetation, with fast removal of 
cover by winds. (DST CAZRI 1981/83) 


(a) Rainfall trends 


Analysis of precipitation records for more 
than seventy years reveals that the occurrences 
of large deficit years are more frequent in the drier 
parts of the arid zone, with values exceeding 220%. 
Five-Year moving averages for the period 1891-1975 
“shows . that the large deficit rainfall spell during 
1962-71 (commencing in fact from 1956) is only com- 
parable with conditions during 1895-1905. The 1901- 
60 period recorded only 3-4 spells of below normal 
rainfall conditions of small magnitude. 

Incidence of drought years has a multiplier 
effect on desertification. The conditions during the 


1962-71 drought phase may have signiificantly con- 
Маи to the deterioration of the arid zone 1" 
ndia. 


(b) Dust Storms 


The frequency of dust storms rises with ге- 
duced precipitation in the preceding year. This 
is very significant in aggravating erosion and deser- 
tification by the ultimate removal of soil cover 
by winds. Measurements of dust during 1973-75, 
from the surface and 3 meters above, recorded 0.50 
to 4.20 quintals per hectare оп a dust storm at 
a Jodhpur, and 5.11 quintals at Jaisalmer, The 
removal of grass cover from 2007 Sq.km. cause 
the depletion of 1065 cubic metre of soil in three 
years-a loss of 0.53 metres of soil depth. 

Observations indicate that the size fractions 
of the dust samples include fine sand (55-75%), 
clay (6-155), silt (14-39%) under various land use 
conditions, and at various heights from land surface 
to 3 metres above. The significant portion of silt 
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in these samples indicates movement of fertile eroded 
soil over large distances. In fact, dust rises to 
more then 5000 metres over the Indo-Pakistan arid 
zone -the cause for the midtropospheric divergence 
that reduces rainfall in the area, despite the pre- 
sence of moisture. 


(c) Shift of aridity 

The variation of the aridity index line of 
80 computed by Рептап'5 method studied for the 
1901-70 period reveals an eastward shift during 
the first two decades of the twentieth century. 
Thereafter, there were minor to an fro oscillations, 
becoming more marked in Churu in the north and 
Jalor in the south, indicating maximum aridity east- 
ward from 1951-60 in Churu and 1961-70 in Jalor. 
These studies imply a possible spread of arid con- 


ditions in the southeast. 


(d) Geology and Geomorphology 

The following basic geological hydrological 
and geomorphological conditions have contributed 
to the aridity and desertification in this tract. 

1. Recurrent aridity in the geological history 
of the tract, with a particularly significant phase 
of wider extent in the early quaternary, accompanied 
by disorganization of drainage, in the Luni and 
Ghaggar basins and other northeastern zones (Kantli 
Mendha etc.), creation of inland basins with ephe- 
Meral, centripetal drainage, salt lakes and basins 
and a desert landscape of dunes, bornhardts and 
Other associated features. As a result considerable 
tracts outside the present limits of the arid zone, 
in eastern Rajasthan аге stabilished dune fields, 
With. some pedogenesis. These zones are sensitive 
to .irrational land use practices, being welt within 
the semi arid belt. 

2. Even after 
humid climate from 3000 to 


E аб 
Асса. No.. . 450.9 


an interlude sof 
1000 B.C. during whi 
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the Rangmahal culture thrived in the Ghaggar, a 
Second arid phase set in, which is still continuing. 
Thus, the terrain did not have time enough to re- 
Cover from the effects of the earlier phase of exte- 
nsive' aridity. This second phase of aridity once 
again led so further disorganization of drainage; 
creation of an inland drainage tract in the northeast 
Rajasthan area, dune fields and sand sheets and 
Susceptibility of rocks to erosion producing features 
like tafonis, bornhardts, rock pediments, etc. 

3. The present configuration. of the Aravalli 
ranges effectively precludes the beneficial influence 
of the monsoons to ‘a notable extent, in the arid 
tract to its west and Provides the eastern climatic 
barrier of the zone, 

^. The geomorphic Setting of the  Aravalli 
ranges have several wind gaps and streams crossing 
“the various blocks. These „аге potential passages 
for wind transported material into the outer fringe 
—areas, im the direction of the prevailing wind pattern. 

- In a- terrain with evaporation in excess 
of precipitation, the presence of inland basins/de- 
pressions with centripetal drainage and lack of flu- 
shing System, help in accumulation of the saline 
material in' the entire catchment, one of the major 
attributes of desertic areas, 

6. The hydrogeological Situation in the tract, 
as revealed in the Geohydrological map and by the 
work of the various agencies, is one of restricted 
aquifers often with brackish or saline water, with 


ater tables. Recharge 


А the low precipitation 
even. in the fresh water aquifers (Lathi, еїс.). 


This seriously hampers exploitation possibilities, 
recuperation of aquifers and maintenance of the ground 
water regime. | 

7. Due to a combination of climatic and geo- 
morphic factors there is hardly any surface water 
System with’ integrated drainage and appreciable 
discharge in this zone, for the greater part of the 
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Tu The only exception is the Luni and its tri- 
зене. which too is, at present a misfit system, 
isorganized and without any major sustained flow 


for most months of the year. 
8. The extensive salt Ranns of Kutch, 


which the Luni discharges, also contributes to the 
Salinity of the tract. 


into 


(e) Soil Characteristics 


Two major factors 
of the arid zone have si 
its desertification and lack of a 
wth. These are:- 

ile In-adequate 
the soils, due to 


in the pedological character 
gnificant contributions to 
dequate vegetal gro- 


organic accumulation in 
the prevalence of а climate 


unfavourable to vegetal growth, not only du- 


ring the current arid pahse, but from the pre- 
aridity. As 4 result, 


vious extensive phase of 

the soils, even in the eastern tracts of the 

Semi arid zone manifest limited soil profile 

development, often on ancient stablished dunes. 
ў restricted їо the 


The relatively richer soils are 
fluvial margings and flood plains. | 
2. Well developed caliche formations (calcium 
Carbonate material) in the solid profile, to variable 
depths in the region, with considerable consolidation, 
inhibits normal root and vegetal growth. j 
Apart from these basic pedogenic limitations, 
the intrinsic climatic conditions that promote erosion 
and wind transport, constantly remove the surficial 
layers of the soil cover, resulting in improverish- 
ment of plant growth environment. The movement 
Of salinized water in some areas, and the deep 
Water tables in many other tracts, are also deter- 


rents to soil productivity. 


IV BIOTIC FACTORS 
The parameters listed in the preceaing portions 
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of this report indicate that the Indian arid zone 
is climatologically and in its other natural conditions 
a marginal zone, with a very delicate natural dynamic 
equilibrium liable to be upset by the slightest flu- 
ctuations of natural conditions. Super-imposed on 
this over all picture is the emergence of Man during 
the Early Quaternary era, almost simultaneously 
with the occurrence of the first arid phase in the 
Quaternary geological epoch. Since then, throughout 
the recent geological eras, the role of Мап has 
been increasing in extent and degree in the entire 
tract, introducing anthropocentric activities that 
have definitely affected the dynamic equilibrium 
of the Indian arid tract. 

The manifestations of deterioration in the 
desert areas and its adjacent semiarid fringe zone 
can be placed in two broad categories, viz. (a) 
problems and evidences within the arid zone and 
(b) manifestations of mobile sands and erosion out- 
side the climatic boundary of the arid zone. However; 
both are linked up, since one leads to the other: 
Field observations, studies and experiences of vari- 
ous agencies, have led to a clarification of the 
Situation, which now needs monitoring and quantifi- 


cation. The main biotic factors are being enumerate 
briefly: 


(a) Demographic Factor 


Successive decennial census reports have ге“ 
vealed an alarming growth of human population in 
the tract from 3.567 millions in 1901 to 10.236 mil- 
lions in 1971. There has also been a simultaneous 
rise in the number of livestock (from 10.27 millions 
in 1951 to 16.44 millions’ in 1971) which is even 
greater than the human population. This has led 
to an adverse environmental situation, enumerated 
as follows: ,(a) reduction of the man : land and 
livestock : land ratio in the tract which is even 
normally devoid of adequate natural sustenance- 
The land per household has reduced from 17.77 ha 


(d) urbanization and in 
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in 1951 to 12.40 in 1971, with only 7.52 ha likely 
o be available at the. Жол Ob the century. There 
is a corresponding shrinkage in cultivable. land; 
(b) rise in net sown area from about 28%. іп 1951 
to 45% in 1971, with double cropped are arising 
from 0.4 to 1.45%. This has directly led to a shrin- 
kage of lands normally used and suitable for grazing, 
with drastic removal of vegetal cover; (c) over- 
dependence on agriculture. lends to land degradation 


due to nonavailability of adequate cultivable land; 
industrialization have further 


aggrevate the Man: Land situation and reduction 


of forests. for fuel and housing. 


(b) Landuse Changes 

increased population and livestock 
Pressure, vast areas of the arid zone have been 
brought under cultivation, often extending to marginal 
lands, pediment slopes of the Aravallis and other 
fringe areas where the natural .conditions do not 
warrant farming. This also include areas of stabilised 
dunes, where farming and removal of roots and stub- 
bles after cropping, 85 led to accelerated wind 
erosion. Increase in the livestock (particularly goats 
У Sheep) have resulted in further depletion of Nee 
getal. cover. Coupled with the conversion of grazing 


lands to farming the region is undergoing an aggre- 
erosion on bare 


Due to 


vation of desertification 1 5 
lands апа aeolian shifting of particles and soil. 
Introduction of irrigated agriculture in many 
areas wi adequate drainage measures, 
ders $ f minerals and salts 


also given rise t sd 


in the soil and near surface formations, 1n 
with naturally impeded drainage and 
With minerals/salts- In some locations, 
ser rise of water ca" 
i i eas 

quu ТА All these taccors have 
led to diminishing returns from the land, and enhan- 
cement of the desertic conditions. 
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New. settlements, often on stabilised dune 
areas, urbanization, construction of roads, rail tra- 
Cks, canals, without regard to the geomorphic units 
(stable dunes etc.) have led to rapid mobilisation 
of stable sand belts and consequent desertification 
by removal of vegetal cover and wind action. AS 
such, throughout the arid tracts, settlements and 
human construcare are the zones or centres of sand 
mobilizations and movement. This is rendered more 
acute by overgrazing and felling of trees for fuels. 

Along the Luni riverine zone, there are several 
serious manifestations of regime deterioration, in 
the form of salinisation of soil and water, develop- 
ment of negative gradients, particularly where dams 
have been constructed for storing and withdrawal 
of water. In many cases, withdrawal of water has 
led to lowering of water tables below an optimum 
depth, with resultant dessication and deflation. 
The Luni tract from Pichiak to Dunara is a classical 
example of salinisation of fresh water and loss of 
land productivity. 

In the eastern fringe of the arid zone, in 
the districts of Churu, Sikar and Jhunjhunu, there 
are evidences of widespread mobilization of stable 
Sand dunes, as a result of human interference (exa- 
mple near Sridungargarh Sikar etc.) leading 10 
the creation of source areas for materials which 
are easily transported across the arid zone boundary 
east and north east wards into the Haryana, Punjab 
region or through the windgaps in ‘the Aravallis- 
In fact, comparison of old topo-sheets have indicated 
increase of sand in some semiarid areas of eastern 
Rajasthan including Alwar, Jaipur and Tonk districts: 

., Geomorphological Mapping in the eastern semi 
arid fringe and along the Aravallis, have indicate? 
the presence of large sand deposits flanking both 
the windward and leeward sides. Recent studies 
also reveal increase in some of these deposits, 
near Saiwar and other locations, easi of the Aravallis- 
Observations along the wind gaps (Pushkar, Tribeni 


| 
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and Sabi-sote) show shifts in sands and new accu- 
mulations. 

Although such wind gaps are not extensive 
they are nevertheless helping in the funneling out 
of desert sands into the regions beyond, as a direct 
result of the deterioration of.the conditions obtaining 
within the desert. Much of this outer zone is basi- 
cally stable dune territory of the earlier arid 
phase, where cultivation and human activities may 
lead to mobilisation and erosion. As has been expe- 
rienced in other arid zones of the world, prolonged 
Phases of drought may ultimately turn such sand 
accumlation in the frings areas into menacing sources 
of loose material that will cover the farmlands, 
under | greater dessication and wind action during 


Such periods. 

The increased emphasis 
of minerals and rocks in th 
eastern fringe has led to extensive mining and quar- 
Trying, denudation of hill slopes, large scale loosen- 
ing of rock faces all leading to conditions that 
aggrevate the processes of desertification. 

As mentioned in the relevant paragraphs, 
the livestock pressure has led to overgrazing, 
deforestation and exploitation of the woody biomass 


in the region. 

This has resulted in extensive removal of 
Vegetation, with consequent erosion hazards. Rodents 
have also contributed towards desertification. 

In conclusions;, it may be stressed that the 
Indian arid zone iS; even under normal conditione, 
ап area with a relatively greater population density, 
in comparsion with other arid regions. The 
коп activities have logically i 
ation of land and vegetation, : 
а series ЊЕ teal processes that are rapidly enha- 


cing the physical manifestations of des 


on the exploitation 
e arid zone and its 


"dominant-process of desertifi 
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V POSSIBLE EXPANSION OF THE INDIAN DESERT 


The possible expansion of the Indian ee 
over the years has been studied through a bu 
of maps prepared on the basis of geomorphic an 
other physiographic features. The problem has EU 
be examined through quantitative comparisons ig 
economic parameters like land use, water availability 
and crop yield performances between desert areas 
and bordering regions. All available evidences sugg 
gest that the Rajasthan desert, has not, and S 
not, advancing towards the east, but that fres 
Sand deposition is still going on and, towards the 
west, the desertic conditions have further deterio- 
rated in the recent past (Sen and Mann, 1977). 


(a) An assessment of environmental degradation 

in the arid zone 

The inherent vulnerability of the land use 
intense  biotic pressure have combined to set in 


а process of deteriotion within the arid zone. Dif- 
ferent mainfestations of thi 


in respect of а ' 2,000sq 
for presentation at the u 
tion in 1977, Besides thi 
lised map Showing the 
regions to desertification 
for the whole of Rajasthan. Presently, various cri- 
tical indicators аге being tests by the Institute 
85 а part of desertification Monitoring programme. 
(Sankarnarayn 1984). 

About 23,882 sq.km. of area in Rajasthan 


has been affected by desertification hazards. About 
4.34 per cent of this area has 


-km.area has a case study 


vulnerability of different 
has also been prepare 


This unit is mostly con- 
west in Jaisalmer, The 
Cation here is the expan- 
sion of sand covers, dunes and Shifting sand БУ 
wind erosion. Other dominant and associated processes 
are superficial concentration of stones or desert 


centrated in the extreme 


+ 
"already been affected' 
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pavement by  deflation, enlargement of salted ог 
alkalinised areas without vegetation. Control of ha- 
zard is possible by irrigation, shelter belt, wind 
breaks, and sand dune fixation. 

About 76.15 per cent of the total area of 
the desert is high to medium vulnerable to deserti- 
fication process. Dune, shifting sand, wind erosion 
are the dominant process. The unit is concentrated 
along a belt in Ganganagar, Churu Bikaner, Jaisalmer, 
Barmer, Jodhpur, Jalore, Jhunjhunu and Nagaur dis- 
tricts. In several areas of hazard control is possible 
by means of irrigation and fresh water exploitation. 
А Only 19.50 per cent of the total desert area 
15 subjected to "medium to light vulnerable" by 
desertification hazard. The dominant processes are 
Water erosion, enlargement of rock out crops ог 
indurated horizon in surface by water erosion. Dunes 
and shifting sands are the other associated factors. 
The unit is concentrated mostly along the eastern 
Part in a direction of N.E. to S.W. parallel along 
the foothill of the Aravallis. Control of hazard 
1S possible by exploiting ground water irrigation 
and soil conservation ПЕРА wn ОГ э 

The  intensit of esertification az 
Western Rajasthan i presented in Table 1(CAZRI, 1983) 

After considering the geographic and climatic 
Aspects and through quantitative comparison of phy- 
Sical and socio- economicc раг the problems 
on the possible expansion of t 
ards the east of the Aravallis h 
by the scientists of CAZARI since 1 Д 
Vulnerability of the land and intense biotic pressure 
along with human land use system ог adaptation) 
have combined to set in a process of desertification 
azards leading to environmental degradation or 
‘deterioration of the Indian desert. There is t due 
oy with regard to the deterioration i те 
to desertification process by human а 1 ^ 
interferences which need careful considera ona 
Ome of these biotic interferences causing deserti- 
fication processes that lead to the accentuation and 


960. The inherent 
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deterioration of environment in western Rajasthan 
is described in this chapter.(Shankarnarayan, 1984). 


VI INDICATORS AND ASSESSMENT OF DESERTIFICATION 


Despite prodigious efforts made in  reccent 
years by Government and international agencies both 
to control desertification апа raise consciousness 
of it, there still remains considerable doubt about 
its nature, its extent and its relationship with other 
phenomena. Although technology and expertise are 
available for the treatment of the acknowledged 
causes of desertification it is rare that the treat- 
ment is Successfully carried out. The most obvious 
reason for the failure is that the problems are 
often treated in piecemeal. What is needed is an 
integrated or multidisciplinary approach to treat 
the problems. Because when people are mainly. res- 
ponsible for desertification it can be most efficiently 
combated by diagnosing and arresting the physical 
and socio-economic Processes that lead to it. There- 
fore, it is necessary to define an intergrated set 
of critical indicators that would diagnose and could 


Д h field testing 
will enable to coordi ication programmes. 
Central Arid Zone Research Institute has identified 
three major groups of critical indicators which in- 
clude micro indicators which need considerations- 
Once the the cause is identified it may not be dif- 


ficult to cure the same. The indicators identified 
are: 


1. Physical indicators: 


(a) degree of Salinisation and alkalinization; 
(b) depth and quality of ground water (c) effective 
soil depth; (d) dust storms and sand storms and 
dust collection (e) presence of soil crusts and amount 
of soil organic matter (f) change in water flow and 
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Table 1 : Intensity of desertification in western Rajasthan 


Area in percent of total 


5. Units 


No, sq. kms. area of western 


Desert and subdesertic zones 


1. Desert 9290.00 4.35 
2. Arid zone 134552 .00 62.88 
3. Semi arid zone 66830.00 31.25 
4. Sub humid zone 1100.00 0.53 
5. Humid zone 2110.00 0.99 
"ЕР pe на 
Total; 215882.00 100.00 
Natural vulnerability 

1. Desert 9290.00 4.35 
2. High to medium vulnerable 162900 .00 76.15 
3. Medium to slight vulnerable 41692.00 19.50 

pa >=... 
Total ;  213882.00 100.00 

leet Ip ———— 
Desertification hazards 

4.35 

1. Desertified area 9290.00 
2. High 135292 .00 63.26 
3. Medium 67400.00 31.51 
4. Slight 1900.00 0.88 

g T4 мв 

100.00 


Total ; 213882.00 

LLLI Е- 
sediment flow in water courses (g) area covered 
by turgidity (h) change of weather and climate 
(i) movement of san piling of sandy :hummocks 
(j) abandonment of usin 
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2. The biological / agricultural indicators : 


(a)  Vegefation-canopy cover, above grong 
biomass : distribution and frequency of key T E. 

(b)  Animal-key species and populatio ont 
domestic species; hard compositions; ] produc d 
abundance and frequency of the activities of 
Species leading to soil erosion and degradation. - 

(c) Yield '(harvest)-trend of low producti 


3. The social indicators: 


(a) Irrigated farming; (b) dry land, (c) ши 
tivation of marginal and long fallow lands (d) ier. 3 
ralism (e) indiscriminate cutting of trees and de e 
restation, (f) mining, (g) tourism and recreation 
use (h) expansion, abandonment and Geseriltica Ај 
of settlements, (i) Urbanism and compact serion in 
(j) Nomadism (k) population записивао Рај S 

To identify the indicators in order to visuali 2 
the presence of desertification problem observation? 
to be recorded by the Specilalists or farmers ad 

1) Movement of sand-direction and spectre 

2) Deflation of fine material-increase in coars 

materials, f 

3) Degradation of marginal lands-removal 0 

top soil and grass cover, 

4) Sand accumulation. 

5) Increase of agricultural land. 

6 


+ 
) Enlargement of rock  outcrops- degre 9 
erosion. 


7) Enlargement of bar 
of soil surface. 

8) Decreasing ог 

' cover 

9) Increased salinity 
Species, yellowin 
on surface. 
or drainage 

10) Seepage. 


jon 
11) Rise or lowering of water table-stagnatio 


е areas because of sealing 
3 ive 
disappearance of медета У 


-appearance of halophytit 
S of crops, saline crus 
Increase of salinity in groun 
water or brackish water, 
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of waters-increase от waterlogged areas 
12) Development of rills, gullies and badland 
topography. 


13) Drying up of soil. 

14) Degradation of vegetation. 

15) Enlargement of rangeland and increase in 
cattle population. 

16) Lowering of the crop yield and fodder 
crops. 

17) Change in the water balance. 

18) Frequency of dust storms. 

19) Frequency of drough-failure of rains. 

20) Migration. 

21) Low frequency of settlements. 


VII SOCIOLOGICAL CONSTRAINTS AND INNOVATIONS 
IN COMBATING DESERTIFICATION. à 
o be successful, they 


If action programe аге t 
d the people they 


must be relevant to the issues an 
аге designed to help. s of deserti- 
fication-the social economic, legal, political апа 
environmental aspects are so interwined that nothing 
but an integrated approach to action can be seriously 


Considered. In all these efforts, it is the people's 
sine-que-non for 


Perticipation that constitutes the 

Success. Keeping these in view and based on techno- 
logies developed by CAZRI, the Government of Rajas- 
than revitalised the Desert Development Board and 
establishad a Department of Afforestation and Pasture 
Development at Jodhpur in 1978. The major compo- 
Nents of this revegetational programme and achieve- 


Ments till 1983-84 are given in Table 2. 
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ECOLOGICAL IMBALANCE AND FOOD SYSTEM WITH 
PECIAL REFERENCE TO INDIA Р 


Mohammad Shafi 


П 


І INTRODUCTION 

а I wish to begin my discourse on "Ecological 
imbalnce and Food Systems' by making a reference 
to the United Nations Conference on Desertification- 
which was held in last August early September 1977, 
in Nairobi, Kenya. It was 8 comprehensive, scientific 
and sociopolitical forum. About 100 countries and 
80  inter-governmental and nongovernmental organi- 
zations sent their scientists/engineers to attend this 
Conference. Altogether some 1500 persons participated 


in this conference. 
d Why was this conference held.? The sub-tro- 
Pical, zone of the Sahara, consisting of many coun- 
tries like the Senegal, Mali, Mauretania, Upper 
Volta, Niger, Chad, parts of Sudan, collectively 
known as Sahel, was in the grip of a severe drought 
from 1968-73. In Sudan 15 percent of the north and 
central parts have been severely desertified while 
30 percent is moderately affected. The water. surface 
area of the Chad lake" has declined to twothirds 
of its normal size, while the African rivers the 
Niger and the Sanegal, completely ceased to flood 
during the high water season, and very large number 
wells supplying drinking water were depleted, 
ата surface reserviors umulating rain 
Water vanishad completely- Livestocks died in large 
Numbers and crops failed and this affected the food 
Supply seriously. It is estimated that about 250,000 
Persons of the Sahel zone died from famine. 
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In fact the Sahara desert is moving southward 
at an accelerated rate all along the 5,600 kms. south- 
ern fringe from Senegal to N Ethiopia. The southward 
march of the desert is at the rate of about 48 kms. 
per year. Why such situation has arisen.? It is 
largely because of environmental hazards of deserti- 
fication in this region. Overgrazing of the range- 
lands, severe depletion of top soil cover, serious 
erosion problems owing to deforestation, and misuse 
of crop lands аз a result of bad land management 
are the chief causes. It is estimated that the rate 
at which lands are withdrawn from agriculture as 
a result of desertification is nearly 50 thousand 
Sq. km. per year. The gravity of the situation 
can best be realized by appreciating the fact that 
the total area of potentially productive arid land 
threatened by desertification in the world is 45 
million sq. km. which currently sustains 600-700 
million persons. The International Geographical Union 
is also active to the problem and appointed working 
group on Desertification in and around arid lands 
under the Chairmanship of Prof. Mabbutt who i$ 
also project-coordinator of UN University Arid Lands 
sub-programme. The working group held its meeting 
at Tuscon. (Arizona) from 3 to 8 January 1979. 

Desertification has been defined as а long 
term decline in the land's biological productivity: 
In Some quarters this is considered to be too general 
a definition. It has been redefined as-Desertification 
represents а process leading to a declined in biolo- 
gical activity and to a consequent reduction in plant 
and biomass in relation to the land's carrying capa- 
city for livestock, crop yields, and human well- 
being. 

Even this definition does not 


of the population growth and corresponding increase 
in needs, the means of transport, proper storage 
facilities and distribution of food grains and the 
environmental hazards such as droughts. The defini- 
tion of desertification has been modified as 'Deserti- 
fication is a problem of interaction between сотрјех 


take cognisance 
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Ка e environments of arid .territories used 
B — by human population that results from 
lees’ temps to provide. means of existence'. While 
ihe of rainfall is an important factor accentuating 
E process of desertification, the social and econo- 
с factors аге nonetheless important. It may be 
сен out that some modern ecologist use the word 
СЄ ertization instead of desertification. International 
pe ations like FAO, UNESCO, International livestock 
и Тог Africa (ILCA), UNEP have also used this 
or s Desertization has been defined as the extension 
ле ypical desert landscaps and landforms to areas 
odi they did not occur in the recent past. The 
E ess takes place in arid zone bordering the dese- 
m under the average annual rainfall of 100 to 200 
їп s with outside limits of 50 to 300 mm. However 
de this paper a broader view has been taken and 
sertification includes desertization. 
d In India there are hot arid, semiarid and 
ry/sub humid regions. The hot arid areas comprise 
the desert zone of western Rajasthan, parts of Gu- 
ig and Haryana. The semi arid and dry sub humid 
ness are found in eastern Rajasthan, Andhra Pradesh, 
маћагавћига, Gujrat, Karnataka and Tamil -Nadu. 
Ost of the districts in t d particularly 


plose of western Rajasthan face great instability 
п production due to erratic and inadequate rainfall. 
faced with real problem: 


hot The hot arid lands are ' 
of desicating winds, shifting sand dunes, absence 
Streams, saline ground water, poor vegetation, 
Cultivation of marginal lands and the destruction 
uà marginal lands and the destruction of stunted 
i n fon nel wood: бе National Commission Оп 
Ndian Agriculture has recommended a 15 year сотрге- 
€nsive and integrated programme for the improvement 
ee étonomic development of hot arid lands. 1t re- 
9mmends a simultaneous attention to the develop- 
үн of a/water resources. p/forestry. c/animal 
USbandry and d/ pastuires * The Indira Gandhi Canal 
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(formerly Rajasthan canal project) has been recom- 
mended to be recast to exclude unsuitable areas 
where the cost of land levelling and development 
will be high and to construct five left canals to 
take some water deeper into the desert with a view 
to bringing more areas under irrigation. Apart from 
this, suitable water conservation techniques like 
khadin and bandh should be adopted on a_ large 
scale. 

Large scale tree plantation with the help of 
canal water is of the highest importance. The rai- 
sing of shelter belts and wind breaks will go 8 
long way in arresting wind erosion and stabilizing 
sand duens. The effect of sand casting on arable 
fields will be minimised and the green belt will 
also reduce the desicating effect of hot winds ОП 
crops. Such tree plantation will also meet the re- 
quirements of fuel wood and small timber and prevent 
overexploitation of the available vegetation resources 
and the digging of roots of bushes which is leading 
to degradation of the: desert by loosening the soil 
and resulting in sand blowing. 

More than one and a half million drought resi 
Stant trees including neem and ber have been plante 
by the Ecological Task Force. This has helped tg 
large extent in preventing the fury of the deser 
sand dunes. А massive afforestation and pasture 
development drive has also been initiated near Bi- 
kaner and а sum of Rs. 500 millions will be spent 
in 10 years for growing vegetable on 50,000 hectare? 
of arid land with the help of the canal water. 

In order to halt the process of desertification 
the following measures will be most benefical 8 
introduction of social forestry (b) pasture демејор“ 


ment, and animal hasbandry c/the development 0 
horticulture. А 
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II Afforestation 


There has been а considerable deforestation 
on the hills and uplands for timber and fuel. This 
has resulted in serious soil erosion and has adver- 
Sely affected crop production on the hills and up- 
lands. The accelerating degradation of woodland 
throughout Africa, Asia and Latin America, caused 
in part, for fuel gathering is the most profound 
ecological challenge of the 20th century and ecologi- 
cal threat to human will-being is far more insidious 
and intractable than the industrial pollution of air 


and water as the former undermines the productivity 


of the land through soil erosion, floods, creeping 
All these pro- 


deserts and declining soil fertility. 
blems are accentuated by deforestation aS land is 
Cleared for agriculture and as rising population 


Continues, its search for fuel-wood increases. 
will help sand. 


Besides, afforestation 

dune  stablization, serve а5 shelter belts and 

Wind break. Unstablized sand dunes shift their 

location ^ and se encroaches, URS roads, railway 

lines, irrigation canals and the sand covers 
CAZRI has 


the "plant eid cultivated, ficio 
evolved techniques for stablization of sand dunes. 
The benefit cost ratio for sand dune stablization 
technology is about 22 55. пресели starts accru- 
inol arte. an. initial period vof 5-10 years. In the 
farming ecosystem in the arid region, agriculture 


has to be combined with forestry in order to impart 
Stability and generate income. Afforestation On the 
hills and uplands will not only prevent soil erozi 
but also meet the need of people in respecct О 


timber and fuel. 


III Pasture development } 
In the arid and semi arid lands, where lan 
is not suitable for cultivation, the mesar ko 
facility should be utilized either for tree plan 
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or for pasture development. Such a grass cover 
will not only increase the Supply of fodder, but 
also provide a cover to land which is subject to 
Soil and water erosion. The existing pasture should 
be protected from overgrazing. There is considerable 
Scope for pasture development both in the arid 
and semi-arid areas. In western Rajasthan the soil 
is reasonably fertile but owing to lack of water 
it cannot be devoted to Crop: cultivation. These 
are the potential lands for pasture development. 
The dune flanks, piedmont slopes and other areas 


of shallow soils should be devoted to a permanent 
cover. 


IV Suitable change in cropping patter 


Cropping patterns 
basis of dryland farming 
propriate varieties of cro 
increase in the croping 


mulching is very important. There are different 
kind of mulches: organic mulches, plastic mulches, 
gravel and soil mulches, Perhaps the most impor- 


tant type of mulch in the arid lands could be soil 


or dust mulch created by Stirning the surface of 


loose and absorb rain water 
during the cropping season. Such a mulch would 
decrease evaporation and permit infiltration and 
at the same time shall be economical. Mulching and 


water harvesting, afforestation and pasture develop- 
ment with suitable 


tant measures which 
tification. However it is 


V DEVELOPMENT OF HORTICULTURE 


The arid environment with its brackish water 
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pe duite suitable for such .fruit trees as date palm, 
E ae pomegranate, guava and custard apple. 
m istricts of Jaisalmer, Barmer and Bikaner аге 
ities suited for the production of dates -in India. Be- 
КОЕ the Khadins in Jaisalmer which аге low lying 
a. collecting runoff from surrounding catchments, 
CAZHI the cultivation of some hardy fruits possible. 
СЙ һаз standardized the whole technology of ber 
Th ivation under rain fed and - irrigated conditions. 
3 e per tree yield under rainfed condition on an'aver- 
S. is about 50 to 60 kg. and under irrigated condi- 
( n it is almost double this average. The net profit 
ро вени to the report of the working group on 
rid zone Research conducted by DST) is Rs. 1425 
Per/ha in the third year to as high as Rs. 28000/ha 


in-the tenth year. 

The life span of per orchard is 45 to 50 years. 
Similarly the income from dates is Rs. 2300/ha from 
pipa year onwards and attains as high as 17000/in 
he 9th or 10th year. 
eS It would be wort 

out post harvest technology relat 


ОР the farm produce. when there i 
should be made to transport 


.9f ber, arrangements 
it to distant market and as the sheaf life is hardly 
One weak, high density polythene packing and rese- 
arch in storage for preservation, would be useful. 
The . processes for the manufacture of jam, squash 
evolved by CAZRI should be made popular. This 
Will strengthen the economic base: of the people 
of the arid region. ; 
Lp is оге апсе 10 establish 
8 regular monitoring base 9 f ecosystem 
9f the arid territories i der to anticipate deser- 
tification processes and identify the region i 
they are taking place. For, the arid an 
areas of the country an arid surveillance should 
be carried out in which data could be quickly analy- 
Sed and suitable steps could be taken whenever 
f such moni- 


needed. One effecti step as a result О 
5 ive р ; 
toring could be to prepare maps showing types of 


hwhile to say 4 word here 
ing to the storage 
s a large produce 
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desertification. Later plans should be: formulated 
to combat desertification in accordance with plans 


envisaging improvements in land use, The LANDSAT 


imagery with its advantages of multispectral sensing 
and repetitive Coverage can be of great help и 
monitoring desertification. Among the indicators o 
desertification listed by the United Nation Confe- 
rence on Desertification (UNCOD), the following can 
be determined from the earth resource satellite 
data; 

a/ distribution of vegetation and soil. 

b/ movement of sand dunes, 

C/ extent of agricultural areas, 

d/ extent of surface water resources. 

e/ distribution of bare ground, 

The progress of desertification can be deter- 
mined by the distributions апо the relationship 
to each other of these indicators, if continnous 
observation are made over а period of time and 
recorded on thematic Maps, 

An international Project is also being spon- 

lthodologies for asse- 
Ssing desertification on the basis of Selected indi- 
catons by the UN and for Mapping desertification 
by FAO: «in close association with the organization 
i Degradation. While all 
this is being Cone, f fs beten to echo with the 
recommendation of the United Nations conference 
9n desertification, "Action must not await complete 
Situation. The existing 
ied “not only to stop the 
ertification, but also to 
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REMOTE SENSING IN MONITORING DESERTIFICATION 
PROCESSES UNDER DIFFERENT LANDFORMS 
(ECOSYSTEMS) OF THE INDIAN DESERT 


Surendra Singh 


I INTRODUCTION 

The Indian desert occupies an area of 3.2 
lakh sq. km; the bulk of the area 1,96,150 sq.km 
(61%) lies in the Rajasthan desert. In this desert, 
several fluvial and aeolian landforms (ecosystems) 
created by different geomorphic processes under 
wet and dry climatic phases, have been identified. 
In the recent decades, the increasing human and 
livestock population pressure has disturbed the eco- 
logical balance of the fragile ecosystems, resulting 
into the acceleration of the desertification processes 
responsible for the degradation of the different 
ecosystems are water erosion, wind erosion/deposition, 
salinity/alkalinity, flood and pollution. 

In order to monitor the accelerated desertifi- 
cation processes, the systematic studies оп these 
processes by employing advanced remote sensing 
techniques will be of paramount importance. Remote 
Sensing is 4 recording device for the acquisition 
of information О + or phenomena with out 
coming in phy f the object or phenomena 


under study. 

cesses through З 

costly and time consuming and the temporal changes 

in the ecosystems could по: be monitored. Remote 
5 found ап important 


Sensing techniques have. been : 3 
tool in monitoring desertification processes by sev- 


eral workers (Worcester an Dalsted, 1978; Myers, 
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1979; Reining, 1979, Abdel Hady et al; 1979; Ghose 
et al; 1977 Singh et al; 1978 & 1983). 3 

Keeping in view the significance of the envi- 
ronmental studies in the development planning of the 
arid regions, the studies on the monitoring of natural 
resources and desertification processes by employing 
remote sensing techniques in conjunction with ground 
truth were conducted in different parts of the Indian 
desert. The salient findings of these studies have 
been presented in this paper. 


II METHODOLOGY 


Studies on the desertification processes under 
different landforms (ecosystems) were done 
with the help of aerial photographs of 1:25,000 
and 1:40,000 scales. Landsat imageries of 1:500,000 
and 250,000 scales, S.O.I. toposheets of 1:50,000 and 1: 
126,728 scales and field Surveys. Based on these 
observations, the boundaries of different landforms 
(ecosystems) were delineated and mapped. The тог“. 
phologial changes in these ecosystems resulted due 


wind erosion/deposition, salinity, 
recorded and mapped. 
extent of the hazards 
desertification processes 


and floods мет 
The vertical апа horizontā 
created by the accelerate 


in different ecosystems 
were measured in the field and laboratory. The 


comparative information on these morphological change? 
under different ecosystems were also collecte 
from the toposheets of. the year 1934, aerial photo- 


graphs of 1958, Landsat imageries of 1977 and the 
recent field surveys. 
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III RESULTS AND DISCUSSION 


1. Geomorphic Evolution and Characteristics of the 
Ecosystems 


In the Indian desert, fluvial and aeolian eco- 
Systems have been created by fluvial and aeolian 
geomorphic processes under different climatic phases 
during the  Quaternary period.  Fluvial ecosystems 
were formed under two prolonged wet phases which 
prevailed, probably, during the  Pleistocene and 
early Holocene period. The fluvial desert ecosystems 
constitue hills, rocky pediments, flat buried. pediments 
vast flat aggraded older alluvial plains. The aeolian 
desert ecosystems created under iwo prolonged dry 
phases of probably pre-Holocene and late Holocene 
periods are sand · dunes, sandy  undulating inter- 
dune and aggraded older alluvial plains, flat deep 
Sandy aggraded older alluvial plains and sandy: 
undulating buried pediments. _ These fluvial and 
aeolian ecosystems have different morphologi- 
cal characteristics which have been presented 


in Table 1. 


2. Desertification and Ecosystems 


The definitions of desertification are legion 
but from geomorphic point of view the desertification 
types viz; 'climatic' 


could be classified into two 3 cl 
and 'biotic'. The processes of desertification re- 
Sulting from the changes in climate can be termed 
as  'climatic desertification’. The  desertification 


processes resulting into the deterioration of the 
fragile desert ecosystems due to increasing biotic 
activities could be termed as 'piotic desertification . 

Desertificcation in its simplest form is a de- 
Pletion of the biological productivity of arid and 


Semi-arid lands. 
tated tha 


Dregne 1977 has 5 | 
Continues, the ecosystems regresses resulting in 


каа desertification 
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decreased biomass in desired grazing species, invasion 
by unfavourable species, increased susceptibility t9 
5011 erosion and poor living conditions for humans. 

Geomorphologically the term desertification 
refers to the deterioration of fragile ecosystems 
which are beyond their carrying Capacity for sustain- 
ed production by cultivators, herdsmen and others: 
In other words, increasing biotic activities in com? 
bination with drought accelerate the deterioration 
of the fragile ecosystems and lead to desertification: 
The term ecosystem according to  Tansley (1955) 
includes not only the organism complex but also 
the whole complex of the physical factors forming 
what we call the environment of the bioms-the habi- 
tat factors in the widest sense. 

The ecosystems thus can be defined combination 
of abiotic physico-chemical environment and thé 
biotic assemblage of plants, animals and microbes: 

Based on the above definition, several fluvia 
and aeolian ecosystems have been identified in the 
Indian desert. The ecosystems have been degrade? 
by the different desertification processes, resulting 
into the depletion and deterioration of their physice 
and biological properties. Desertification processe’ 
and their impact оп different fluvial and aeolia" 
ecosystems have been discussed below. 


(a) Desertification of the Fluvial Ecosystems 


Man's . interference with the fluvial ecosystem? 
of the Central Luni basin and the Jodhpur district» 
enhanced the fluvial geomorphic processes whic 
created the sheet, rill, gully, salinity, flood an 
pollution hazards of different intensities. The 109 
of the sediments from each ecosystem could not 
be estimatéd quantitatively but the extent of 119 
areas affected under each ecosystem by the ароу“ 
accelerated fluvial hazards viz; water and salinity 
has been worked out and is presented in Tables . 
and 3. Fluvial ecosystems occupy 74.82% area in 
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the Centr ; ; | 
of the nan, oe and 29.80% of the total area 
gully апа  salinit been desertified by sheet, rill 
ES 539 нерва. fe ity hazards. In Jodhpur distri t 
ER ite ње under fluvial ecosystems and 18 aia 
By RKV Ha area of the district has been e 

zards. een affected 


beati o 7 . Sheet hadzard is mainly cof- 
E NES e rocky/gravelly pediments, flat buried 
е s, flat aggraded older aluvial and interdune 
oos апа the extent of this hazard under each. 
А а ph in above two regions has been given in 
Ie a and 3. The constant grazing and cultivation 
xal estroyed the surface stability of these есо- 
b ms and the sediments have been washed away 
y sheet flow and the kankar pan has exposed to 
the surface at certain places. This hazard has dam- 


aged 7.87% area in the Central Luni Basin and 6.87% 
art the Jodhpur district, resulting into the decrease 

the biological productivity of these ecosystems. 
ЛЕ Fhe accelerated fluvial hazards have created 
"p rills of 0.45 to 90 cm and 90 cm to 1 m dept 
| 1 to 3 m width and the gullies of 1 to 2 m 


ај 2.5 to 3.5m depth and 3 to 4.5 m and 4 to 
.6 m width in the hills, piedmont plains and rocky/ 


gravelly ‘pediments. The flat buried pediments and 
„Па aggraded older alluvial plains are mainly. af- 
fected’ by widely spaced rill hazards of 30 to 75cm 

155% mM width. The length and 


depth and 90 cm to 
d gullies under these 


Width of the existing rills an 

ecosystems have also been increased by 0.5 to 

т due to enhanced fluvial activities (plate 1) 

Rill and gully hazards nave turned into 'bad lands', 
and cultivated lands of 


16.79% and 9.27% grazing 
these fluvial ecosystems in the Central Luni basin 
‚апа Jodhpur district, respectively and their bio- 


logical productivity has also decreased. 


concentrated 


It, is largely 
inter- 


(ii) SALINITY HAZARD 
older alluvial and 


-in the flat aagraded 
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dune  palins апа younger  alluvial plains and 
has  reulted due to the construction of tanks 
and canals, damming of ephemeral rivers 
and irrigation by tanks and canals, such as Summair 
Sammand, Chopra and Parasla etc. In Jodhpur district, 
the construction of the tanks and canals accross 
the courses of the prior drainage channels, has 
resulted into water logging, capillary rise of the 
sub-surface salts and spread of salinity in the ad- 
joining agricultural fields. The salinity hazard devel- 
oped due to this process has damaged 2390 һа. 
block of Jodhpur district around 
Nimbla, Moklasni, Kharabera  Bhiotan and between 
Lolawas and Bhetnada (Singh et al, 1978). 

The salinity in the soil and ground water 
of the younger alluvial plains has also developed 
due to the construction of Jaswantsagar reservoir 
Jodhpur district during 
the year 1899. Due to the excess irrigation and 
seepage from this reservoir, the impeded drainage 
Conditions were developed along the river in the 
younger alluvial Plains and the water in the wells 
became saline in a period of less than 100 years: 


In the command area of Jaswantsagar reservoir, 
the irrigation by saline w 


ppm total soluble Salts ha 
cultivated land. In the central Luni basin, the con- 
truction of Erinpura reservoir on the Khari river; 
Sardarsamand reservoir at the cconfluence of the 
Guhiya and the Sukri rivers, Kharda and Nayagaon 
tanks has resulted into drainage problems and deser- 
tification of younger alluvial flains (plate 2). ° The 
salinity of slight to moderate intensity has affected 
934.3 sq. km. (6.96%) area of the saline older and 
younger alluvial plains in the Guhiya and the Bandi 
catchments. Moderate to evere Salinity hazard has 
desertified 201.6 sq. km. (1.49%) area of the saline 
younger and older alluvial plains and flat buried 
pediments in the Bandi and the Luni catchments. 
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Sevére to very severe salinity has degraded 111.9 
Sq. km. (0.84%) area of the saline older alluvial 
plains in the Luni and the Guhiya catchments. Mann 
and Chatterji (1978) have reported that four canal 
Systems Viz, Bhakra canal, Gang canal, Chaggar flood 
water irrigation and ‘Indira Gandhi canal in the west- 
ern Rajasthan, 23460 sq. km. of the area is likely to 
develop salinity and drainage problems if the present 
rate of the rise of ground water level, 0.43 to 0.83 
m per year continued. In the Indira Gandhi canal com- 
mand area, due to the presence of impervious subsur- 
face formations the water logging and salinity problems 
have developed in large acreage of sandy older alluv- 
ial plains, sand dunes and interdune plains (Plate 3). 


(iii) | FLOOD HAZARD : An unprecedented flood 
of July 1979 acting as а geomorphological agent 
Caused conspicuous morphological changes in 
the rivers, flood plains, pediments and plateaus 
Which in turn had affected the fertility status 
of the soil and landuse patterns of these landforms 


(ecosystems) 


The turbulance flow and high velocity of flood 


and deposition proceses 
hological changes іп the 
of the Luni and its 
aterial brought 


Caused conspicuous morp 
Payer beds and flood plains 
Tributaries. The prodigiou 

py the flood EE ааа into the lateral m 
Cretion deposits in the form Oo and pol 
bars of 1 to 1.5m height, 1.5 to 2m length and 
0.75 cm to 1 m width within the beds of Luni and 
the Mitri rivers Satlana, Dunara, Kosana 
and Bisalpur. The high discharge of 
and ‘sediments resulted into the overba 
Vertical accretion deposits over 

in the form of sand sheets and san 


ferent Cmagoitude] andi Snape The s 
20 to 60 cm thickness and sand mounds and ridges 


of 1 to 2.5 m height, 120 to 200 m width and 150. 
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to 750 m length have developed on the flood plains 
'of the Luni, the Sukri and the Mitri rivers near Bala: 
Bhawi, Piplad Siyat, Pichak, Siyara, Pipar, Buch- 
kala, Bislpur, Silor, Karmawas, Bamsin and Тимага. 
The coarse sand deposits of slightly higher magnitude 
in the form of sand sheets of 40 to 110 cm thickness, 
sand mounds of 2 to 3.5 m height, 300 to 1200 ™ 
length and 250 to 450 m width had been deposited 
on the flood plains of the Luni river near Satlana 
and Dunara. The flood waters also dissected thé 
flood plains of these rivers near Buchkla, Pipar, 
and Rajpuriya into the gullies of 2 to 3 m depth 
and 2.5 to 4.5 m width. These gullies | have turned 
ЗО to 40 per cent fertile agriculturál lands of thes? 
flood plains into 'bad lands'. The interfluves i" 
the upper parts of the pediments and plateaus near 
Bujwar, Hiradesar, Ransigaon and Berai were also 
dissected into gullies of 90 cm to 1.5 m depth апд 
1.5 to 3.5 m width. The morphological changes i" 
the erosional and depositional forms resulted into 
the depletion of the biological productivity of 
flood eon pediments and plateaus. (Plate ie 
e comparative stud of ical an 
fertility characteristics of thé fih Di QC Sed NM 
and original buried soils of the flood plains from 
39 sites revealed that there is a significant variation 
in the above characteristics of these two туре“ 
of deposits. The fresh sediments аге very light: 
loose, structureless sand and gravel but the origi? 
buried soils are light to dark grey and somewh 
aggregated. The fnesh sediments have 3 to 4 P 
cent clay and less than 1 per cent silt and aroun? 
3.5 per cent moisture retention capacity. The origin? 
Soils under the fresh Sediments аге sand to 108 
sand and sandy loam also containing 6 to 10 P* 
cent clay and 4 to 7per cent salts and 5 to 20 per 
cent moisture. retention capacity (Dhir et al; 1982)- 
The results of the fertility status of the fresh 


sediments and original buried soil ente 
s s are res 
іп Table 4. у 
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Plate Hil rocky/gravelly and buried pediments desertifi 
ate, 1. Hills, y/9 у ified by 


sheet, rill and gully hazards. 


> 
f reservoirs on different. rivers resulted 


ification of younger alluvial pleins. 
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Plate, 3, Sandy older alluvial and interdu 


canal irrigation 


Чык NEU. 


sertified by flood 


Plate, 4. Flood plains and pediments де hazards. 
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al of sediments and 
ial end 


jnto remov 
y undulating older alluv 


Plate, 5. Mind deflation resulted 
desertification of sanp 


interdune plains 


resulted into sand piling ‘end 
alluyiel pleins 


hazerd 


Plate. 6. Wind deposition 
f sendy older 


desertification о 
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Plate, 7. De-desertification of sandy older alluvial plains due 


to the exploitation and utilization of groundwater for 
irrigation 
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Table 4.Available nutrient status of fresh sediments and original soils 


Location Fresh sediments Original soils 
Ог i P, 0 ко i 
ganic 53965 2 Organic P05 ко 
carbon (Kg/ha) (Kg/ha) carbon (Kg/ha) (Kg/ha) 
(2) (%) 

Pipar to Benon 0.05 15 147 0.25 28 342 
on Mitri river » 
Bhawi to Bala 0.07 66 104 0.15 12 317 
on Luni river 
Luni to Kankani 0.06 13 182 0.17 25 495 


on Luni river 


Source ; Dhir et el; (1982)• 


the table that the avail- 
n flood sediments 15 con- 
e nutrients in com- 


It may be seen from 
able nutrient status of fres 
Spicuously low in all the availabl 


parison to original puried soils. 
The changes in the morphological features 


and soil fertility of the younger alluvial plains 
has also caused the changes in the land use patterns. 
where double cropping was 


The cultivated lands 
Practised have been changed 
lands. The wheat, gram an EPI a 
replaced by bajra, moong and moth crops. The g ом 
of bajra is also ver d the yield 1s de- 


into single cropped 


clined to a great extent. 
(iv) POLLUTION HAZARD : The textile industries located 
at Basni in the southwest of Jodhpur city: in кз 
and Balotra аге using dyes "8 from Sg e ae 
like vanadium and nickel for dyeing 
bleeching powder; сазе 
пе 


chemicals such as ! Hee 
‘Soda апа sulphuric acid for washing- 
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effluent ‘water produced by the dyes and chemi- 
cals was diverted into the jojri and the Bandi 
rivers. This effluent water remainéd stagnant and 
recharged the wells located along the banks of these 
two rivers. As a result, the water of the open 
dug wells located in the down stream near Kuri, 
Sagariya, Bhakrasni, Punaita, Gardara and Muliyawas 
was polluted by the industrial effluent water. The 
surface water of the  nadis and tankas (cisterns) 
has also been polluted by the effluent water flowing 
through the open channels. In the industrial effluent 
water, the electrical conductivity is 2225 micromhos 
cm and the pH varies from 9.7 to 11.7. In the water 
of the open dug wells located far away from the 
bank of the above river, the electrical conductivitY 
varies from 783 to 1333 micromhos/cm and pH values 
range between 8.1 to 8.7. All the wells located 
close to the Stagnant effluent water show considerable 
faecal pollution MPN index varies from 9 to 64/1 

ml, which is much higher than the permissable 
limit of 10/100 ml. 

The polluted water has affected the soils 
and landuse of the jojri and the Bandi younger alluv- 
ial plains. The irrigation by the polluted water 
due to the presence of the anions like the chlor“ 
ide (298 to 1491 mg/lit), carbonates (11 to 55 mg/lit) 
and bicarbonates (112 to 495 mg/lit) has create 
the problem of Sodicity in the soils. The har 
crust has also developed into the soils which result? 
into the stunted growth of the irrigation crop. 
(Personal communication N.S. Vangani) 

The sodic soils and polluted water used fof 
irrigation have also affected the productivity 9 
the Jojri and the Bandi younger alluvial plains. 
The double cropped lands have been changed 10 
Single cropped lands within a period of two years 
and at certain locations the lands have become unfit 
for cultivation. The yields of the irrigated an 
rainfed .crops have also been affected adversely: 
The wheat yield from 15 to 20 q/ha has come down 
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to 2 to 4 q/ha and that of raya from 5 
to 6 
has decreased to 1 to 2 а/ћа. i ~ ars 


(b) Desertification of the Aeolian Ecosystems 


| The aeolian ecosystems are more unstable than 
fluvial ecosystems and their delicate balance has 
been drastically upset by the increased biotic ac- ` 
tivities in the few decades. Due to overgrazing, con- 
tinuous cultivation and deep ploughing of the aeolian 
ecosystems, the wind deflation and depositional 
Processes have been accelerated and the stabilised 
Sand dunes and sandy plains have been reactivated 
and degraded to a great extent. As a result, 17.61% 
and 50.47% areas of the different aeolian ecosystems 
have been further desertified in the Central Luni 
basin and the Jodhpur district, respectively. The 
extent of areas desertified by above desertification 
processes under different ecosystems is given in 


Tables 2 and 3. 


V WIND HAZARDS 

3 The sand dunes of different types and magnitude 

in the Jodhpur district are compartively more de- . 
graded and reactivated than that of the Central 

Luni basin. The wind erosion and deposition hazards 

in the Shergarh-Sai-Suwalia-Sointra sector; Phalodi- 


Jesalsar-Chadi-Kelensar -Chaku sector and Osian-Samrau 
f Jodhpur district 


Bhikamkor--Dabri-Khetasar sector о 
have further  desertified the existing  stabilised 
Sand dunes. The fresh sands of 1 to 2m, 2 to 3m 

transverse 


in the form of sand sheets, 
dunes has been deposited 


the potentials of these 


and 3 to 4m 
ridges апа Багсһап 


which have deteriorated 
dunes. In this district, 13.31% area under sand 


dures has been further desertified. The defla- 
tion hollows have been created in the leeward sides 
of the dunes and. at certain places the kankar pan 
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has exposed. In the Central Luni basin, the dunes 
are only affected in the south western parts in 
Saila-Padru-Kankhi-Mokalsar,sector where the crests 
have only been reactivated and the thickness of 
the fresh sand deposits varies 2 to 3 m. But the 
wind deflation has affected more area and the sedi- 
nents have been removed from the flanks and the 
leeward slopes. In the basin only 3.39% area under 
the sand dunes has been further desertified. 

Sandy undulating aggraded older alluvial and 
interdune plains and also the flat deep sandy ag- 
jraded older alluvial plains have also been further 
Jesertified due to the increase in the frequency 
of cultivating the fields and the decrease in the 
frequency of leaving the agricultural lands fallow 
for few years. The sediments have been deflated 
оу the wind deflation process from the flat lands 
lying between the undulations and have been deposited 
2y depositional process on the existing stabilised 
Jjndulations like sandy hummocks, fence line hummocks 
and low longitudinal and transverse dunes. (Plate 5). 
The thickness of the fresh sands on the sandy hum- 
nocks is 1 to 2 m, the increase in the height and 
vidth of the fence line hummocks is 1 to 2 m an 
2 to 3m, respectively and on the dunes of both types 
he thickness of recent sand deposits varies from 
-5 to 2.5 m and 2.5 to 4.5m. In the Central Luni 
›азїп, the wind deflation and depositional hazards 
јаје damaged 0.72% and 11.70% areas, respectively 
inder sandy undulating aggraded older alluvial and 
‘nterdune plains and in the Jodhpur district, the 
ibove hazards have affected 6.47% and 10.06% areas» 
‘espectively under the two ecosystems. 

Flat deep sandy undulating aggraded older 
illuvial plain has only been encountered in Jodhpur 
district and it occupies 12.98% of the total area 
>f the district. This ecosystem has also been de- 
jraded by wind deflation and depositional hazards 
ind the fresh sands have been piled up оп the 
old stabilised sands in the form of sand sheets 
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of 100 to 200 cm thickness near Banar, Kheri Salva, 
Salva Kalan and Kakalao villages. In Phalodi tehsil, 
right from Tepu to Jambo, the fresh sands are piled 
on this ecosystem in the form of. sheets and sandy 
DLP of 0.5 to 2 m height by aeolian activities. 

late 6).. The wind deflation and depositional haz- 
ards have further desertified 4.14% and 8.75% areas 
of this ecosystem, respectively. 


WIND/WATER HAZARDS 

Sandy undulating buried pediments formed against 
the slopes of the hills near Jalor, Mokalsar, Shergarh, 
Lavera Kalan, Ratton Ka Bas, Mewasa, Osian and 
Basni have been desertified by the combined action 
of wind and water hazards. These accelerated deserti- 
fication processes have increased the length and 
width of the existing gullies by 0.5 to 1 m and 
2 to 3 m,respectively. The old aeolian sands have 
been reworked, апа resulted) Ipro sand drifting and 
deposition on the sand dunes and adjoining cultivated 
lands in the form of hummocks and dunes ot ЛЫ 
to 2.5 m height. The wind and water hazards have 
desertified 0.24% area in the central Luni basin 
and 1.7% area in Jodhpur district. 
ASSESSMENT OF THE VULNERABILITY OF THE AREAS 
TO DESERTIFICATION i 
Landsat band 5 computer 
us degree of vulnerability 
the central Luni basin 
(Shankarnarayan and 


Digital anlysis of 
Print out has revealed vario 
of the aeolian landforms in 
to desertification processes 
Singh, 1979). 

The extent of the 
desertification has been computed and 
in Table 5. The areas with dark pixels due to the 
Presence of vegetation and moisture 


0-65) which occupy 3.36 sq.km. area of the subscene 
are least vulnerable to desertification. Light to 


dark grey pixels due to moderately sparse to sparse 


vulnerability of areas to 
presented 
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vegetation (brightness value 66-69) indicate moder- 
ately vulnerable areas which constitute 6.07 sq. 'km 
area of the subscene. Bright, pixels due to the 
accumulation of fresh sand and absencce of vegetation 
(Brightness value 70-83) constitute the areas highly 
vulnerable to desertification and occupy the largest 
area (11.72 sq. km.) of the subcene. 


Table 5.Assessment of the vulnerability of the areas to desertifi- 
cation in the western parts of the central Luni basin 


Degree of Gray Brightness Number Extent Percentage 

vulnerability level value of pixels (Sq.km) 

Least 1 0-65 745 5.36 15.9 

Moderate 2-5 66-69 1346 6.07 28.8 

High 4-6 70-85 2599 11.72 55.5 
4690 21,15 100.00 


Source : Shankarnarayan and Singh, 1979. 


The comparative Study of the survey of India 
topographical sheets of 1960 and Landsat imagery 
0! 1971 and 1973, has revealed the spectacular changes 
in the saline areas near Sanwarla, Nosra, SamuJ@» 
Khutani and between Harji and Мапаааг. The areas 
Which Were fonsaline in 1960 and 1978: have ture 
Saline till 1977 (Shankarnarayan and Singh, 1979) 
In quantitative terms, it has been ccomputed ue 
in 1960 an area of only 38.12 sq.km. was affecte 
by salinity, but in 1977 the area affected was about 
103.60 sq.km; an increase or about 171 percent: 
The degradation of the 501 by this desertification 
process is indeed alarming from the view point 
of the decrease in biological productivity of tne land. 
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IMPACT OF DESERTIFICATION ON FERTILITY STATUS 
OF ECOSYSTEMS 

The soil fertility of the different aeolian and 
fluvial ecosystems due to the accumulation of fresh 
sands in the form of hummocks, fence line hummocks, 
Sand sheets, brachan and shrub-coppice dunes has 
been affected. 

The effects of human activities on the soil 
fertility of the aeolian and fluvial ecosystems in 
Luni basin was studied by Dhir et al. (1976) and 
the results are presented in Table 6. 


Table 6.Available nutrient content of soils under different degrees 


Of wind erosion 


Available plant nutrient 


Major Land Resources No, of t 
samples Organic Phosphorus Potassium 


Units (Ecosystems) 
Light textured soils 424М98л Ss prs E 
Of sandy flat aggraded 5р* Ze 
Older alluvial plains 
with moderate incidence 
©f wind erosion 
134 

Light textured soils of 27 Mean oe nee 68 
hummocky aggraded older sD 
alluvial plains with 
Severe incidence of 
erosion 

i 0.11 10.72 128 
Dunes with severe Р СЕ 0.16 4.96 53 


Wind erosion 


*SD Standard Deviation 


Source; Dhir et al (1976) i к 

It is apparent from Table 6 that Y COE 
Son to moderately eroded sandy alluviel "s т 
the hummochy aggraded older alluvial p vu E 
Sand dunes with loose sand and severe erosi 
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appreciably lower contents of nutrients elements. 
These results tend to show the loss ot soil fertility 
due to wind erosion and if such lands are put to 
continuous cultivation, as practised currently, the 
soil fertility will be enormously affected. 


3. DE-DESERTIFIGATION OF THE ECOSYSTEMS 


In the Indian desert, the ground water has 
been exploited for irrigation under fluvial and аео- 
lian ecosystems viz; flat aggraded older alluvial 
and interdune plains, flat and sandy undulating buried 
pediments and sandy undulating aggraded older alluv- 
ial and interdune plains. The exploitation and util- 
ization of ground water in Saila-Mokalsar sectors 
Jalore-Ahor sector, Padru-Dharna-Mithura sectors 
Kundal-Ramania sector and  Muthli-Indrana sector 
has de-desertified the large acreage of desertified 
lands by reducing the sand activities and increasing 
the vegetation density, and agriccultural potentials: 
In Keru-Beru-Boranda-Jhanwar sector, Pilwa-Judiy@” 
Panchla-Utamtar sector and Bhopalgarh-Bilara-Borund4 
Ransigaon sector of Jodhpur district and in Sanchore? 
Kalora-Dhanta and Akoli-Mera-Hiryali sectors 9 
Jalor district, the availability of the ground water 
for irrigation has minimised the sand activitie® 
and the landuse pattern is changed, showing a sig 
of de-desertification. (Plate 7). P 

Apart from the Rajasthan desert, the desertie 
conditions in Koda-Vav-Therad-Suigaon sector 
the Gujarat state and Suratgarh-Sirsa-Hansi-Hissa" 
sector of Haryana state due to exploitation and util- 
ization of groundwater are also improved. In these 
sectors, the sand activities due to its compactne*? 
are minimised,  micro-climate is slightly change. 
and vegetation density апа landuse potentials 9 
different ecosystems have increased which are show™ 
ing the sign of de-desertification. 
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4. - SUGGESTIONS ТО COMBAT DESERTIFICATION PRO- 
CESSES UNDER DIFFERENT ECOSYSTEMS 


At present, the increasing biotic activities 
are largely responsible for accelerating the deserti- 
fication processes under different ecosystems. In 
order to combat the further activation of the deser- 
tification processes, the following scientific and 
rational methods Тог the utilization of different 
ecosystems are suggested. 
a. Since all the environmental problems are related 

with the inter-action between man, land and 
water, it is, therefore, suggested that different 
ecosystems should be properly and scientifi- 
cally utilised by taking into account their 
geomorphic properties. 

b. In order to avoid the turning of the good 
agricultural lands into ‘bad lands’ the con- 
trolled grazing and indiscriminate cutting and 
lopping of trees on different ecosystems and 
over cultivation should to stopped and grazing 
lands should be grazed according to their 
carrying capacity. 

с. The complete damming of th 
and the excess irrigation of the agricultural 


lands by tanks and canals should be avoided 
so that the impeded drainage conditions and 
hazards are not developed under dif- 


e ephemeral rivers 


salinity 
ferent ecosystems. 
d. To avoid the salinity hazards, the confluences 
inage channels 


and the courses о 


which are | geomor 
impregnated with 


spots 


and are Д DNE L 

be used for the construction of irrigation net- 
work. 

e. The sand dunes which аге — geomorpho- 

logically more unstable andit nigbly 005 

desertification , processes should 


nerable to с \ 
ре completel ided from grazing and cul- 
tivation. These ecosystems should be Es 
developed into silvipastures and after that the 
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grass may be cut and used for stall feeding. 
"n To avoid the menace of wind deflation deposi- 
tional hazards and Sand movement the deep 
Ploughing and continuous cultivation by un- 
Scientific methods on the flat aggraded older 
alluvial and interdune plains and sandy undu- 
lating aggraded older alluvial plains should 
e discouraged. These ecosystems form the 
backbone of the Indian desert in crop pro- 
duction and should be Properly utilized by 
employing suitable dry farming techniques. 
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ENVIRONMENTAL DEGRADATION DUE T TIC 
г О DESERTIF 
IN RAJASTHAN DESERT ES 


Amal Kumar Sen 


I. INTRODUCTION 


1. The Great Indian desert-geographic 
and origin 
fus pes Great Indian desert forms a part of the 
esert which extends over Pakistan in the 
west. In India this desert spread over parts of 
Punjab, Haryana, Rajasthan and Gujarat. The area 
receiving less than 500 mm of annual rainfall has 
been taken as the demarcation of the desert (Sen, 
1964, 1972). Based upon Koppen's (1930) index, 
the annual rainfall being less than T+14 the area 
is classed as arid region. Gorczynski's (Banerji 1952) 
aridity ‘factor and Gaussen's (1959) xerothermic 
index work out to 30 and 300 respectively which 
are also indices of true arid ог desert climate. 
This also coincides mostly with the boundary drawn 
on Thorntwaite's (1943) evapotranspiration and pre- 
ciptation ratio. 
This climatic analysis , is further supplemented 
by the following physiographic observations: 
(a) The rivers are misfit and soon die out due to 
alluvial suffocation.. The drainage except the 
Luni and the Mendah which has its origin in 
the region of very high rainfall and thus 
capable of forming its own valley, 15 mostly 
internal and there are no permanent flowing 


rivers. 
(b) There is 
system an 
landscape i$ 
deposit their load 
covered ground. 


limitation 


integrated drainage 
d no controlling level to which the 


lowered. Instead, the rivers 
and sink into alluvium 


no network of 
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(с) | The Debris resulting out of gullying and 
dissection of mountains are accumulated in 
the intermont basins. 

(d) Alluvial sand becomes laterally confluent and 
continuously  sloping  ' bajadas' аге formed 
along mountain fronts. 

All these geomorphic factors are characteristic 
of an arid climate and are found exclusively in 
areas receiving less than 500 mm of annual rainfall. 
Therefore, the 500 mm isohyet has been taken as 
the scientific basis for cartographic expression 
to delimit the desert. The great. Indian desert of 
N.W. India, as such, extends approximately between 
31°N and 21°N and between 69°Е and 76°E, comprising 
an area of about 295,000 sq.km, After considering 
the geographic and climatic aspects in an earlier 
communication Sen (1971) Concluded that this desert 
is a true desert having its origin due to the same 
climatic oscillations during the pleistocene which 
resulted in the formation of middle and low latitude 
deserts. The desiccation of the Saraswati or the 


desert. A Subsidence in the Ganges delta aided 
by a latter uplift during Subrecent times in the 
Aravalli-Delhi axis leq to the gradual rise of the 
Eocene sea floor of the Indian desert, This resulted 
in the shifting of the Yamuna,’ which was hitherto 
a tributary of the Saraswati of the Indus system 


due to the rise of the Himalayas and lowering of 
the Aravallis Probably caused the shifting and desic- 
‘cation of the rivers like the Saraswati that made 
the desert gradually uninhabitable and made the 
people of the Saraswati and the Ghaggar valley 
as nomadic.  Uneconomic exploitation of resources 
and deforestation contributed little to this 
deterioration. This is Purely a climatic and 
physiographic phenomenon as in other tropical and 
‘subtropical deserts of the globe. 
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The desertification process, in all its probable 
ramifications and their interplays, has been defined 
as package of processes which brings about certain 
basic changes in a particular ecosystem and con- 
verts it relatively non-desertic to a desertic terrain. 
This involves an interplay of climatic, edaphic 
and biotic factors which may work through time 
starting with a climatic accident апа ultimately’ 
‘resulting in the formation of desert or lead to ac- 
centuation of the arid conditions within an already 
desertic terrain or cause a creep of the desertic 
conditions within a desertic tract towards its ad- 
Joining areas. 


3. DESERTIFICATION - DEFINITION AND PROCESSES 


Desertification, from the grammarian point 
of view means conversion of a fertile or non-desertic 
land towards a dry infertile or desertic land or 
better still a 'desertion' land. The term 'Deserti- 
fication' is in circulation and may indeed win the 
laxicographer's approval in the near future. 

Desertification to.an ecologist or environmental 
Scientist is a systematic phenomenon involving climate, 
Soils, flora, fauna and man. It may be regarded 
as a form of deterioration of the ecosystem due 
to change in the pressure of human adaptation or 
Desertification arises from the fragility 
which under excessive 
oductivity and ability 
jor factors 
social and 


use system. 
of the dryland ecosystems 
"pressure „of human use lose pr 
to recover. Stability and resiliance are ma 
in the viability of all the e 3 

i nd biological. 
gulturak as We Lon Ае tore. can be defined 
as a package of processes which brings about certain 
basic changes in a particular ecosystem and converts 
it from a relatively non-desertic to a desertic ter- 
rain. This involves an interplay of climatic, edaphic 
and biotic factors which may (a) work through 
time starting with a climatic accident and ultimately 
in the formation of a desert, or (b) lead - 


resulting 
the arid conditions within an 


to accentuation of 
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already desertic- terrain or (c) cause a creep of 
the desertic conditions within a desertic tract to- 
"wards its adjoining areas. 

Although desertification can develop from natu- 
ral cause alone and in any climatic zone or eco- 
System, the U.N. Conference at Nairobi in 1977 
mainly focussed attention with desertification that 
derives from interaction of human use system with 
natural ecosystem in the arid, semi-arid, sub-humid 
and humid zones, For these reasons desertification 
must be diagnosed and monitored through the whole 
range of physical, biological and Social processes 
relevant to ecosystem and human adaptation of dry- 
lands. Because when the balance of an ecosystem 
breakdown due to effect of desertification, it may 


as to restore primary Productivity, AS a result 
while the Productivity of the natural resources 
is partially lost through desertification, this pro- 
ductivity may be totally lost to human community. 
Hence if People are mainly responsible for deserti- 
fication it fs equally most efficiently combated by 
diagnosing and arresting the Social and economic 
Processes that lead LO dti 

Thus desertification is mainly a man made 
Problem which leads to the environmental degradation 
of fertile lands, The basic cause of desertification 
is the inter-relationships between the natural ог 
Physico-environmental System and the various human 
adaptations, This is because the environment. (when 


difined as the. sum total of the itions that 
control human activities) are пе ассо? ола | of 


human. needs ог adaptation (when adaptation is de- 
fined as the various means the human being adapt 
to survive themselves), Thus it is “he human 
activities that primarily initiate desertification 
Processes, With this, the quality of resource manage- 
ment should be added ог considered. This skill 
is also important. Over eXploitation of resources 
cannot be ignored.» The two combine to add to the 
,intensity of environmental degradation or deserti- 
‘fication hazards. Some of the main human and  biotic 
interactions that are causing desertification hazards 
are : 
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(i) Uneconomic land use - cultivation on the sand dunes, margin- 
al lands affecting adjacent fertile lands and a menace to 
Soil erosion. 

(ii) Тһе intensive and uneconomic or over exploitation of water 
resources - leading to rise of water table, seepage problems 
and problems of increased salinity, 

(iii) Uncontrolled grazing and indiscriminate cutting of trees 
ог over exploitation of grazing lands and forest resources 
leading to drought, soil erosion, deterioration of soil 
fertility and stunted growth of trees, 

These activities cannot be totally suspended 
but definitely subject to control by proper manage- 
ment of resources. Accordingly Desertification exists 
in all the areas and will continue to be a problem. 


11. Possible expansion of the Indian desert 


After considering the geographic and climatic 
aspects in an earlier communication, Sen (1971) con- 
Cluded that the Rajasthan desert, which is a part 
of the Great Indian or the Thar desert is a true 
desert having its origin due to the same climatic 
oscillations during the pleistocene, long after the 
Himalayas have come into existence, which resulted 
in the formation of middle and low latitude deserts. 
The possible expansion of the Rajasthan desert has 
been studied through a series of maps prepared 
on the basis of geomorphic and other physiographic 
features (Sen, 1972). The problem has also been 
examined through quantitative comparisons of economic 
Parameters like land use, water availability апа 
Crop узета performances (Sen 1972, Mann, Malhotra 
and Kalla 1974) between desert areas and bordering 
regions. All available evidences Suggest that the 
Rajasthan desert, has not, and is not, advancing 
towards the east but that fresh sand deposition 
is still going on and towards the west (within the 
desert), the desertis conditions have further deterio- 
rated in the recent past (Sen and Mann, 1977). „Тһе 
inherent vulnerability of the land and intense biotic 
Pressure have combined to set in a process of de- 


terioration within the desert. 
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111. Environmental degradation of the Indian desert. 


There is, however, an unanimity with regard 
to the deterioration of desert by human and other 
biotic interference which need careful considerations. 
Desert conditions must have set in India, particularly 
in Rajasthan well after man appeared and actually 
in geological sub-recent times long after the last 
phase of the glaciation. The Himalayas was already 
in existence when the desertic conditions were set 
in and were continuing to rise during this period. 
The monsoon conditions were established in India 
after the Miocene when the Himalayas became 
a prominent feature in the north. Prior to that the 
present desertic area of N.W. India including western 
Rajasthan were dpained by mighty Himalayan - gla- 
cial fed rivers like the Saraswati, the Sutlej and 
the Indus. The Saraswati was a great river in the 
vedic period flowing through the present day dry 
bed of the Ghaggar into the Rann of Kutch. At one 
time there must have been numerous streams in west- 
ern Rajasthan (Krishnan 1952) which flowed either 
to the Saraswati or into Rann of Kutch. The latter 
was at that time, a gulf with three large rivers- 
the Luni, the Saraswati and the Indus, flowing into 
it. The river systems which rise on the Aravallis 
and in the highlands of south-eastern Rajasthan must 
have had a long history stretching back to some 


millions of years. But most of the Himalayan rivers- 


the Saraswati, the Indus, the Yamuna, began their 
history from about the middle Miocene when the 
mountains were being uplifted and were gradually 
attaining their present configuration and height (Kri- 
shnan 1952). Sir Aurel Stein (1942) has traced the 
existence of prehistoric settlements upto near Fort 
Abbas on the Hakra. Taking into considerations the 
area explored the valleys of the Saraswati and the 
Drishadvati (Ghosh 1952) must be regarded very 
rich indeed in archaeological remains. They comprise 
relics of several millennia of 'Indian history rig 

from the Indus valley civilization (Mohanjodaro-Hara~ 
ppa) period (3000 B.C.) to comparatively recent 


Amal Kumar Sen 


Photo 1. Sand movement - Due to strong wind action - A Natural 
process of desertification (Aerodynamics). 


* 
Ка лу : Ў 
Photo 2. Enlargement of Rocks - Ап indicator of deserti- 
fication due to prolonged weathering and wind action, 
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Photo 3. Highly demanded hill (Arvallis) due to prolonged 
wind action - A natural process of desertification 


Photo 4. Overexploitation of forest and tree resources 


An indicator of desertification (Anthropogenic). 


~ 


Ата1 Китаг Зеп 23 


Y Н 3 


Photo 5. Overgrezing leads to the removal ot vegetal Seite! 
and top soils - An indicator of desertification (Anthropog 5 


1 1anas 
Photo 6, Uneconomic puces iin nills end infra- 
£ : соме! 
Е of wind which may 5 Ё eni). 
mm peu of desertification (Anthropog 
Structure - An 
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Photo 7. Overgraz ing and indiscriminate cutting ог trees 
expose the base rocks and remove Top soils - An indicator 
of desertification (Antnropogenic) , 


Photo 8, Mechanisation in cultivation in marginal lands 
lead to sand movement - Атепасе of soil erosion and deserti- 
fication (Anthropogenic). 


Ата! Китаг 5еп 


Photo 9. Drought 
of settlement - 
Paliwal Village. 


and desertification 
Near Masurdi Khadin 
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leads to abondonment 
(Jaisalmer) ^ revived 
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Photo 10, Shelter 
deserti ficat ion. 


» 4: Вог 


та `. Эр У 
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Sol атаа, In the Saraswati valley, as ex- 
e a о ossal mound . of Kalibanga near Pilibanga 
ig »uratgarh, exhibit the presence of great urban 
т реше in the heart of the Indian desert of today. 
Пана i =. to the deterioration of. the 
as due to the increase of aridity 

caused by the rise of the Himalayas and lowering 
of the Aravallis (due to isostatic adjustment). This 
led to the shifting and desiccation of rivers like 
the Saraswati. А subsidence in the Ganges delta 
aided by a later uplift during subrecent times in 
the Aravalli-Delhi axis led to the gradual rise of 
the Eocene sea floor of the Indian desert. This 
uplift of the putwar plateau during the late Pleisto- 
cene had probably a great effect on the drainage 
System of the Himalayas, causing shifting and cap- 
turing of some streams like the Yamuna which was 
hitherto a tributary of the Saraswati towards the 
east. This increased aridity and the resulted shift- 
ing and desiccation of the rivers made the desert 
gradually uninhabitable and made the people nomadic 
(Sen and Mann 1977). The part dry river beds became 
the part of the source of sands which aggraded 
during the arid phases and later played on the 
Pile up in the form of dune with the increased arid- 
ity aeolian phases accentuated. Hence, the origin 
ОР the desert is essentially a climatic and physio- 
Sraphic phenomenon and certainly not man made one. 
But it is the human activities; uneconomic exploi- 
tation of resources and land use practices and other 
biotic interference that have made the desert more 


апа more uninhabitable. 
interference 


Some of the main human and biotic 
the Rajasthan 


that are causing the deterioration of 
desert are given below (observed during the year 
Under report): 

:-Cultivation on the sand 


1. Џпесопбтас land use ) 1 
dunes and marginal lands affecting adjacent 


fertile lands and is a menace to soil erosion. 
This has caused reactivisation of sand cunes 
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in canal command area at Nachna. 
(2) The intensive and uneconomic use of canal 


irrigation -` extensive use of water resources 
leading to the rise of water tables, seepage 


(3) Uncontrolled grazing and indiscriminate cutting 
of trees leading to soil erosion and increased 
desertification hazards at Kuri area near desert 
National Park in Jaisalmer district, 


IV. Environmental degradation due to desertification- 
Specific field Study in area of ecocrisis 


After considering the geographic and climatic 
aspects and through quantitative comparison of physi- 
cal and Socio-economic Parameters, the problems 
on the possible expansion of the Indian desert to- 
wards the east of the Aravallis have been examined 
by the scientists of CAZRI since 1960. All available 
evidences suggest that the Rajasthan desert, has 
not, and is not advancing towards the east, but 
fresh sand deposition is still Soing on towards the 
west, within the desert, and the desertic conditions 
have further deteriorated within the desert in the 
recent past аге Quite evident, The inherent vulner- 
abilityof the land i lotic pressure (along 
with human land use system ог adaptation) have 
Combined to set in a Process of desertification haz- 
ards- leading to environmental degradation or deterio- 
ration of the Indián desert, Some of these biotic 
interferences causing in' western ` Rajasthan are: 


1. DESERTIFICATION DUE TO OvER 
RESOURCES AND UNECONOMIC LAN 


Uneconomic ex Ploitation of 


EXPLOITATION. OF 
D USE PRACTICES: 


resources and land 
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UES practices is one of the main process of deserti- 
fication that have made. the desert more uninhabitable. 
Due to intensive pressure on land and absence 
of subsidiary occupations compel the people (inci- 
dentally Indian arid zone is the highly densely 
populated desert of the world) to cultivate the dunes 
and marginal lands. This causes the loosening of 
Sand particles which become susceptible to be саг- 
ried by the winds. These wind bourne sands fall 
on the adjacent’ fertile lands and ultimately deterio- 
rate them. Hence the system is a menace of soil 
erosion and desertification hazard. Cultivation of 
the sand dunes and marginal lands in Nagaur, Bikaner, 
Churu and Pali districts has caused the shifting 
of the sands in Kuchaman, Ghataru, Didwana, Tara- 
garh areas and formation of new sandy humocks or 
low dunes along Didwana - Molasar-Kuchaman and 
Sujangarh-Sikar tracts causing deterioration of the 
fertile lands. The sandy wastes along Tilonia in 
Ajmer district appears to be due to the fresh de- 
Position of.aeolian sand due to the cultivation of the 
marginal lands along the Aravallis (western scarp) 
in Nagaur district. Cultivation on dunes in Sikar, 
Palsana, Lachmangarh, Fatehpur, Ratangarh is ccommon 
and accordingly the fertile lands of Churu, Sikar 
and Jhunjhunu districts are seriously affected. ) 
Over-exploitation (cultivation) on the marginal 
lands and deserted sandy river beds towards the 
west and north west of Ajmer and Pushkar have 


Shown slow advance of sandy materials through и 
Saps i e fertile lands towards the eas 
p engulfing mor А s deo 


Of Aravallis causing disor 
System (as in the cases of the Mendha, Saraswati- 
Sagarmati interfluve between Govindgarh and Pisangan) 
апа deteriorating adjacent fertile lands (like the 
environ of the Savitri hillocks at Pushkar). (map 1) 
Due to some reason huge mobile or active sand dunes 
are being formed in bokaran-Banyana-Phalsund tract 
in Jaisalmer district. in Barmer district, particu- 
larly towards Chotan - Bakhasar - Gandharv areas 
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constant cultivation on sand dunes and marginal lands 
are leading to the fresh deposition of sand on fer- 
tile lands. The reactivisation of sand dunes, due 
to biotic interference viz., uneconomic land use, 
overgrazing, urban fringe activities are also affecting 
highways, railways, settlements as evident in Ganga- 
nagar district (Nohar), Bikaner, Churu, Jaisalmer, 
etc. 

The livestock population and that of pressure 
on the grazing land in Rajasthan is considerably 
high (Tables 1 & 2). The result has been overgrazing 
and deterioration of the Surface vegetation conditions, 
largely responsible for increased desertification 
hazard. In western Rajasthan in view of their low 
carrying capacity, the increased pressure of livestock 
on the grazing lands results іп over-exploitation 
of resources leading to depletion of consequences 
on settlements, commercial and other infrastructure 
like Nachna, Churu etc. This is also a menace to 
Soil erosion leading to the removal of surface vege- 
tation and soil. The absence of organised livestock 
farming is Strongly felt. This also cause the shifting 
of sands which often cover the existing settlements 
and even the hills. A hill towards the north east 
of Barmer town which has been reported 60 years 
back to be free of sand is now almost buried. Sand 
dune fixation works undertaken about 15 years back 
has partially Stopped this Serious Catastrophe. un- 
controlled grazing (over-grazing) is often added 
with indiscriminate cutting of trees and lopping 
to make the desertifidation hazard more intensive. 

Over-exploitation of ground and surface water 
resources for intensive and чпесопотісс use for irri- 
gation leads to the rise of water table seepage 
problems, waterlogging and increased salinity. Over 
exploitation of ground water:irrigation ‘in Mathania- 
Rampura-Indrokha area resulted the irrigated farming 
on the sandy’ wastes, sand dunes and marginal lands. 
This resulted the shifting of sands causing the for- 
mation of sand dunes, .Piling up of sands towards 
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the south west near Balesar-Shergarh area in expanse 
of double cropped lands of Indrokha-Mathania area. 
This burried recently the Jodhpur-Shergarh road 
near Balesar due to the piling up of fresh sands. 
As a result the road has to be deserted from its 
old tract. 

. Uneconomic and intensive uses of canal water 
in the Ganganagar, Bikaner and Jaisalmer districts 
have developed some alarming problems. In Gang 
canal and Rajasthan Canal command areas in Ganga- 
nagar district due to sandy terrain and seepage 
losses from main canal, distribution and field chan- 
nels, the ground water level is rising at an alarming 
rate of 10,49 Чо 0.89 m рег year. In the Ghaggar 
flood area around Suratgarh, Borpal, Manekthar areas 
water table has risen by 6-5 metres within past 
20 years. Due to this rise of water level 6920 mcm 
water is being added to the aquifer annually leading 
to the development of soil salinity (Kallar) in many 
places. The increase of water table and  Ghaggar 
flood has caused water logging problems in interdune 
areas (23 interdune areas near Suratgarh has already 
been submerged and become permanently water logged) 
has threatened the existence of prehistoric excava- 


tion sites at Kalibanga (3000-2700 BEC Rangmahal 
The rise 


(2000 B.C.), Hanumangarh, Anupgarh etc. 

OR. Water. table has “alse caused seepage problems 
in Ganganagar. Also in Nachna area in Jaisalmer 
district, where the canal Sy nly recently 
been introduced, m has been 195 
cedo IT туше canal irrigated : 
Pate in ground water level is allowed to cond 
then 20, 40 and 60 perc e canal commen" 
area is likely to deve d salinity in 
lems within 30, 30 to ars nx rH 
ively. Canal irrigation on ‘the sand dunes an in 
ginal lands in Nohar and врага ee ©, Rod 
A ikaner dis ric 
АИК ла. sands, formation of new 


the fresh deposition н 
Sands dunes та other environmental degradation 
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Table 1. Pasture Grounds in Western Rajasthan 


District Total Area Pasture land in ha & $ Total &.Per 
Permanent Waste Marginal cent  pas- 
pasture/ lands land ture lands 
oran to total area 

ll | и о ла а 

ТА Јодћриг 2217800 155500 682790 271560 1087940 

(6.02) (30.79) (12.55) (49,55) 
Bikaner 2885072 26597 14117020 294380 1737997 

(0.92) (49,12) (10.12) (60.2) 
Barmer 2817294 214466 501974 19285 735725 

(7.61) (17.82) (0.7) (26.1) 

Total arid 15740980 569232 6293608 690479 7553319 

Monocropping (4.14) (45,90) (5.02) (55.1) 

І B Gnganagar 2041446 25910 301451 38792 486353 

(1.27) (14,77) (3.0) (19.0) 

Total arid 15782426 595142 9595059 6729471 7919672 

(3.77) (41,78) (4.62) (50.2) 
Sikar 774925 48220 71041 1889 121130 
(6.22) (9,17) (0.24) (15,6) 
Jhunjhunu 592730 44589 24924 1826 71539 
(7.53) (4.20) (0.50) (12.5) 

Total Transi- 

tional 51355666 175189 180565 143602 497356 

Monocropping (5.53) (5.76) (4.60) (15.8) 

2 B Jalore 1056557 511709 96709 656 148504 

Pali 1229762 92465 178144 19962 290569 

(7.52) (14,49) (1.62) (23.6) 

Total Transi- i 

tion Kharif 

and Rabi 2286119 143602 274853 20618 439073 

cropping (6.28) (12.02) (0.90) (19.2) 

Total Transi- 

tional Arid & 5421785 136791 455418 164220 236429 

Semi arid (5.84) (8.40) (3.03) (17.2) 

Total W. 12204211 911233 7050577 ~ 895691 8856101 

Rajasthan (4.30) (33.25) (4,21) (41.8) 


ee и НИЈЕ D NT RE RR 
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Table 2. Livestock population : Grazing area/Livestock in ha 
and pressure of livestock population on grazing land 


Districts Total grazing 1972 Grazing land/ 1977 Grazing land/ 


ground in ha (Total livestock livestock 

Bikaner 1737927* 898760 1.95 1534983 1.13 

(+70.78) . 

Barmer 135125 1974350 0.37 2534985 0.29 
(428.26) 

Churu 208504 1426375 0.14 1574522 0.13 
(410.38) 

Jodhpur 1087940 1893200 0.57 2442424 0.44 
(429.018) 

Jaisalmer 3783152 616454 6.14 1300419 2.91 
(110.95) 

Ganganagar 386353 1533671 0.25 1645451 0.25 
(47.287) 

Sikar 121130 1530178 0.98 1361092 0.08 
(71.05) 

Jhunjhunu 71339 978508 00.7 968588 0.07 
(-1.01) 

Nagaur 184283 2304290 0.08 237141 0.07 
(+2.93) 

Jalore 148504 1234772, 0.12 1322045 0.11 
М (+7.06) 

Pali 290569 1893650 6.15 1915095 0.14 
(+4.72) 

Total 8856101 14584108 0.61 19036651 0.46 


in Churu (sardarsahar-RatangarhTarager area); 


Sikar А districts. Actually the condition 
.and Jhunjhunu cand alarming. 


of Churu h ecome more VU l 
The Py M s recently shown considerable increase 
of desert sand, sand drifts ‚апа the existing stabil- 
ized dunes are increased vertically and new sand 
dunes аге developing around Churu Taragarh etc. 
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2 ENVIRONMENTAL DEGRADATION DUE TO DESERTI- 
FICATION - SPECIFIC EXAMPLES IN AREAS OF 
ECOCRISIS 


Some specific examples as concluded from the 
integrated basic resources and land use surveys 


in different areas of western Rajasthan are described 
next. 


3 CULTIVATION ON SAND DUNES AND MOVEMENT 


AND ENCROACHMENT OF WIND BLOWN SANDS 
(SEN 1977) - 


In actual Practice, sand dunes are not uni- 
versally sandy wastes. These are rather often cul- 
tivated during rainy season. The active sand dunes 
are often wastelands but the lower and middle flanks 
of these dunes are cultivated 


rainfall, particularly in rainfall zone of over 200 mm. 


rainfall zone 
Upper flank and crest 
of the dunes serve aS grazing ground of the live- 


Stock. Hene in sang dunes, three land use units 
viz. cultivated or cultivable (including short and 
long fallows), Sandy waste and grazing grounds can 
be mapped. But these details с 
Оп 1:50,000 scale ang above through aerial photo 
interpretation, Particularly "edge gradient" study. 
This, however, is also not Possible by traditional 
ground survey, 

The findings of aerial photo 
and consequent ground survey 
and their Consequences 
is presented in Table 3s 

Uneconomic land use, 


interpretation 
regarding land use 
9n deteriorating the desert 


overgrazing апа  indis- 
Sand dunes in many areas, e.g. Phalsund-Pokaran 


Banyana tract in Jaisalmer district, Recent investi- 
gations have shown a slow advance of sandy materials 
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Table 3. Land use of the sand dunes 
—— no ———  —á— Gái —P——— те = 
Dune Particular Land use Remarks 


NN NR BB аР. ——————————— 


Stabilized dunes and sandy Cultivated Soil erosion is menace to 


Plain : Lower & Middle adjacent land. 

flanks 

Cultivation should not be 

practiced which may lead to 

Long fallow | the enroachment of sand in 
adjacent fertile lands. 


Stabilized dunes : Lower Short fallow} 
and middle flank, 
Stabilized dunes : Middle 
and upper flank, 


Unstabilized dunes To be fenaced. 


Recommended for range.land 


Marginal lands : crests Sandy waste 

Unstabilized sand dunes Sandy waste To be fenced. No pio i 
tivities. 

Crests and upper flanks Sandy waste Controlled grazing. 


Of stabilized dunes 


Per Z OO s —— 


through Luni and Sambhar gaps engulfing more fertile 
lands towards the east of the Aravallis causing dis- 
organization of the drainage system and deteriorating 
adjacent fertile lands. It is possible that the problem 
із much more extensive. Accordingly there is a 
need for further investigation. The study further 
reveals (Sen and Mann 1977) - i) fresh sand move- 
ment is an active phenomena in the arid zone, ii) 
the general trend of the increase is towards the 


North-West, iii) the reacctivization of sand dunes, 
ү uneconomic land 


due to biotic interference, viz. um à 
Use, overgrazing, urban fringe activities - affecting 
highways, railways, etc.» and v) fresh movement 
Of sand affecting settlements and communications 


in canal command area. 


TICES AND OVER-EX- 


$ RAC 
UNECONOMIC LANDUSE P 
PLOITATION OF WATER RESOURCES : IN RAJASTHAN 
CANAL PROJECT AREA (SEN 1981)- 
n between 


Investigation on landuse carried out i 
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74945 to 75°O'E and 29°30'N to 29915'N just to the 
South of the older Ghaggar river bed (in Hissar 
districts of Нагауапа) and Southern Ghaggar canal 
revealed some interesting features. 

The southern part of the region was water- 
logged flanked by sandy hummocks and sand dunes 
as mapped by Survey of India during 1912-14. The 
reclamation of the water logged areas and the marginal 
lands by irrigation later converted them into cul- 
tivated lands with high intensity of 80 to 100 per 
cent. But the cultivation of the marginal lands and 
Sand dunes have caused the shifting and deposition 
of sands further south near Jasane, Ramsara, Ratan- 
pura, Rajkawa etc., which were dune free during 
» and have now become the sites of high 
dune intensity as revealed from the aerial photo- 
prep hs and SOI top-sheets Surveyed during 1960- 

Recent Survey (September 1978) has shown 
further increase of sands throughout the area which 
is due to the indiscrim 


і inate cutting of the shrubs 
and trees. This ‘h 


agricultural lands and has increased the deserti- 
fication intensity. The inundated areas which were 
waterlogged as early as in 1912 have become saline 
and this particular Problem is gradually increasing 
towards the south in recent years, 

The study thus Sharply bring into focus the 
biotic interferences of the marginal lands which 
should be scientifically managed alongwith judicious 
exploitation of water resources, 

The Seepage problems , along the canal irrigated 
areas have caused water logged areas in Suratgarh, 
Tibi, Hanumangarh, Anupgarh areas. This has іп- 
creased the salinity hazards, 

The overgrazing and Cultivation of the sand 
dunes and the marginal lands in Bhadra, Nohar an 
Suratgarh tehsils has led to the Shifting of sands 
in the adjacent Churu district. The district has 
recently Shown ап considerable increase of desert 
sand, sand drifts and the existing stabilized dunes 
are increased vertically and new sand dunes are 
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а. > round Churu, Taranagar Tehsils. 

e intesive апа uneconomic irri ation has 
а: problems and an iue of about 
ic has been submerged near Suratgarh area. 

к А. Ж table has been considerably increased 
nes Ме Baropal and Rangmahal areas. This 
D» ene the prehistoric excavation situated 

gmahal, Hanumangarh and drybeds of Saraswati 
or Ghaggar, etc. 
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ПЛАТЕ CHANGES IN RELATION TO 
ERTIFICATION IN THE INDIAN ARID ZONE 


Y.S.Rama Krishna 


I. ABSTRACT 


is Rainfall variability in the Indian arid zone 
m E indicate any secular trend. The region 
e experienced а deficit rainfall spell of 
157 magnitude and duration during the decade 1961- 
55 which was comparable only to 8 deficit spell 
iP n magnitude that occurred а: the end of last 
ДЕ АЧА during 1895-1905. The climatic spectrum 
IR e Indian arid zone was found to extend from 
DH arid to semi-arid conditions but annual 
in i index values generally remained below normal 
M number of years and the fluctuations from 
En to extremely arid conditions in these regions 
xh offset by a large positive to semi-arid 
ај only occassionally. The shifts in the 
S see index . line’ oth 80.0 does rof show any de- 
dE ite and continuous increase of desertification con- 
itiens in. the Indianpanid Szene and whatever shifts 


have occurred were only temporary causing mild 
Droughts of severe nature 


ARES of desertification. | ] 
ere found to occurs опсе in 3 to ^ years in Jai- 
Salmer, Barmer, and Jalore region and the prob- 

ditions were observed 


ши of extreme arid соп \ 
ге be higher in the western part of Rajasthan. Occur- 
3 nce of defiçit rainfall and droug 
d multiplier effect increasing dust. storm 
epee fhe subsequent year and leading 
ind erosion and desertific conditions 


arid zone. 


in the Indian 
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II. INTRODUCTION 


About 62 per cent of the total arid zone in 
India covering an area of 1,96,150 km? lies in west- 
ern  Rjasthan thus forming the principal arid zone 
in the country. This region is characterized by 
low and erratic rainfall distribution ; extreme vari- 
ations of diurnal and annual temperature high evapor- 
ation and Strong wind regime during the summer 
and early monsoon season. Considerable variations 
occur in the moisture regime of the Indian arid 
zone due to high year to year variability of annual 
rainfall. Jodhpur for example recorded the highest 
rainfall of 1178 mm in 1917 followed by the lowest 
of 38 mm in 1918 against an average rainfall of 373 
mm. The coefficient of variability of annual rainfall 
varies from 40 to more than 70 per cent across 
western Rajasthan indicating thereby that the year 
to year variability in annual rainfall assumes very 
high Proportions in the extreme arid regions. These 
large fluctuations in year to year rainfall and the 
variability in the distribution of the annual rainfall 
itself causes considerable year to year variability 
in the Climatic Patterns of western Rajasthan an 
exposes many of the regions to the Problem of де“ 
sertification. The escalating human. and livestock 
Population of the Indian arid zone result in the 
over exploitation of the vegetation and increase 
Pressure of land during the years of drought which 
are very frequent leading to deteriorating desert 


environment and enhancing the process of deserti- 
fication. 


Recent studies on 


desertification carried out 
by CAZRI show that 4.35 ape 


per cent of western Rajasthan 
has already been effected by the process of deserti- 


fication and another 76 per cent area is moderately 
vulnerable to . desertification (CAZRI, 1981). The 
present paper brings about the climatic changes 
relating to desertification that have occurred during 
the past eight decades (1901-1980) in the Indian 
arid zone. 
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I 
II. RAINFALL VARIABILITY 


m. = views have been presented on the 
Deut rdia E. rainfall of the arid zone of north- 
E a Run workers. Banerji (1952) in- 
cpm 19 t decrease of rainfall during the 

ending in 1950 in Rajasthan excepting for 


the ] 5 

ла situated in the Aravalis. The same, 

M d dcn ad been disproved by Pramanik, Hariharan 
(1952), Pramanik and Jagannadhan (1954) 


and Rao (1958). 
the би c) to obtain a clearer understanding of 
BL “оп ли variability over the Indian arid zone 
iB a uai e recent data (1891-1984), the trends 
Rafastian rainfall for different stations in western 
moving a were studied at CAZRI using five yearly 
the the aah ania technique in respect of three stations 
graph ЦК arid zone (Fig 1). The portion of 
Balok пе these figures in respect of years when 
shaded tea rainfall conditions existed have been 
of ш йе сиы of the five yearly moving average 
8 deficit in the Indian arid zone indicates that 
cru Apa rainfall spell of large magnitude and dur- 
the curred in many regions of.the arid zone during 
wag be oa 1962 to 1971. At Jodhpur and Pali it 
аР een that the dereasing ted from 1956 

. The below normal 5 t have occurred 


Previ 
vious to 1960 were mostly of small 
low normal rainfall spell 


a 
(SA ES the very large be 
ccurred during 1895 to 1905 alone is comparable 
in the Indian arid zone during 
however, indicated 


e rainfall, 
the seventies aS a result 
of the arid zone 


a EU y trend during 
576 normal rain 

histo 1970, 1973, 1975, 1976 and ) 
annu .of the stations in an arid zone, the 
the al rainfall indicated а decreasing trend during 
ther period 1956 to increasing pattern 
paai atter (ГӨ Оў АП n to this pattern 


as р a 3 
been in the "northwest region at Churu which 
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Fig 2. Trend in rainfall pattern of Jodhpur 


Пав indicated a reserve pattern ines increasing trend 
rom 1951 to 1963 and decreasing trend thereafter 
only upto 1970. .Jhunjhunu on the other hand indicated 
an increased trend from 1953 onwards upto 1979 


expecting for a slight de ing 1972. In general 
indicate ап | 


the major part of the i 

increasing trend during the seventies (1970-79). 

The Лом rainfall during the early eighties and the 
1984 and 


of drought during 


t Е 
WO consecutive years 
f another decreasing 


1985. however, are іса ог о 
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trend in the rainfall pattern of the Indian arid zone. 


IV. CLIMATIC SHIFTS 


The climatic spectrum of the Indian arid zoned 


extends from extremely arid to semi arid conditions, 
as shown in Fig 3. These regions which are pre- 


dominantly characterized by arid to extremely arid/ 


tlimates, experienced semi-arid climatic conditions 
only in few years when the quantum of rainfall res 
ceived, remained high and moisture availability 
conditions were favourable. The annual moisture 
index values generally remained below normal in 
large number of years. This indicates that in generel 
arid to extremely arid Climatic conditions exist 
in these regions which are off-set by a large posi- 
tive departure, only occassionally (Rama Krishna 
and Sastri, 1980). 

The decadewise variations іп mean moisture 


index -in different regions of the zone 


Indian arid 
are presented in Table 1, It Can be seen from the 


Teble 1, Decadewise mean moisture index (1901-80) 


Over western Rajasthan 


MEAN MOISTURE INDEX DURING THE DECADES 
Station 1991-101911-201921-501951-401941. 201951. 60 1961-701971-80 


Barmer -86.1 -85,5 -85,8 -85,3 -81.7 -85.6 -88.7 -79,0 
Bikener -82.7 -81,4 -84,4 -83.4 -81.4 -83.9 -86.8 -81.2 
Churu = 779.2 16.6 -80.2 72,5 -81.9 -73,5 -75.1 
@nganagar - - - - -89.4 -83.9 -86.0 -88.1 -81.2 
Jaisalmer -91.1 -96,1 -92.7 -91.0 -91.9 -88.1 -92,2 -88.9 
Jalore -79,1 -79.1 -79.5 -78.6 7515; 1572.1 


-84.1 -69.2 
Jhunjhunu -76.5 -74.2 -76.0 -76.4 772.2 -71.2 -71:8 -68,3 
Jodhpur -81.9 -80.3 -80.6 -80.5 -77.9 -79.9 -81;8 -75.4 
Nagaur -79.1 -82.2 -81.2 -81.9 -81.8 -79.5:.81.2 -72,1 
Pali 775.8 -76.4 -78.0 -77.0 -73.5 -71.2 TIA —12:7 
Sikar -74.8 -62.8 -71.4 -67.1 -67.4 -70.5 -74.0 -59.5 
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above table that the mean moisture index was highest 
at Barmer, Bikaner, Ganganagar, Jalore, Jhunjhunu; 
Jodhpur, Nagaur and Sikar during the recent decadé 
1971-1980 indicating that the moisture regime during 
this.decade was in general better over a large area 
of western Rajasthan. Compared to the moisture 
regime during the decade 1961-70 which has been 
the deficient decade in the recent times in many 
regions of western Rajasthan, it is interesting to 
note that only at Churu there is a slight increase 
in dryness in the decade 1971-80. A gradual increase 
in the value of moisture index from the decade 
1931-40 to 1971-80 can be noticed at Jhunjhunu in- 
dicating that this region has become slightly moist 
during the recent decades (Ramana Rao et al., 1984). 
А sharp increase in the moisture index during the 
decade 1971-80 compared to previous decade is 9187 
cernable at Jalore in the south and Sikar in t 

north. Krishnan (1977) studied the shifts in the 
moisture index line of -80.0 upto the decade 19617 
70 and observed that there has been an eastwa" 
shift in the moisture index line near Jalore during 
the decade 1961-70 and concluded that the desertie 
conditions were , spreading eastward in the Јајоге 
region. Studied on the shifts in the mean moisture 
index line of -80.0 during the recent decades 1961-70 
and 1971-80 in western Rajasthan (Fig 4) in сот“ 
рагіѕоп to mean moisture index line, however, і 
dicate that the moisture index line. of -80.0 M 
once again shown a, westward shift duri e deca 

1971-80. The gradual increase in Euer inde% 
from the decade 1921-30 onwards at Jalore (-79.5) 
upto the recent decade of 1971-80 (-69.2) as сап р 
seen from Table 1 show that the large departure 
in the 1961-70 decade was an anomaly during thaj 
particular decade only, as otherwise, a gradu? 
increase in moist conditions can be observed 
prevail in the Jalore region also. 
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Fig 4. Shifts in the mean moisture index line of 


- 80.0 over western Rajasthan. 


V. DROUGHTS AND DUST STORM ACTIVITY 
e which is characterized 


b The Indian arid zon 
Y low and erratic rainfall distribution often ex- 


| 

| пева droughts, of moderate to severe nature. 
| nalysis of the probabilities of occurrence of 
| 
| 
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meteorological droughts in the different regions 
of western Rajasthan during the past 80. uei 
(1901-1980) are presented in Table 2. A peruse 
of the table indicates that the probability О 
occurrence of drought is highest in Jaisalmer followed 
by Ganganagar, Jodhpur and Pali. However, all the 
districts in western Rajasthan indicate probabilities 
of more than 50 per cent showing thereby that one 
out of two years experience drought of some intensity 
or other in these regions. The probability of occur- 
rence of severe droughts (Mi-rainfall less than 50 
рег cent of normal), however, indicate highest pai 
centage of 30 at Jaisalmer and 25 at Barmer an 
Jalore which shows that these western parts of 
Rajasthan experience. droughts of severe nature at 
least once in three to four years. 


Table 2, Probabilities of occurrence of meteorological droughts 
(1901-80) over western Rajasthan, 


DIY T 
Percentage frequency of occurrence of Probability 9 


droughts occurrence of 


Station M M, M, M drought (%) 
(No drought) (Mild) (Moderate) (Severe) 


a a а: 228 


Barmer 50 5 12 


15 25 50 
Bikaner 46 15 25 16 54 
Сћиги 41 51 16 12 59 
(1906-80) 
Ganganagar 36 25 20 19 64 
(1926-80) 
Jalore 41 25 11 25 59 
Јодћриг 39 24 16 21 61 
Jhunjhunu 45 28 20 9 57 
Jaisalmer 34 16 20 30 66 
Nagaur 39 25 20 16 61 
Pali 44 19 26 11 56 
Sikar 47 23 14 16 55 
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For understanding the drought vulnerability 
of different regions in western Rajasthan, the pane 
abilities of occurrence of extremely arid condi 
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P(EA) and EA conditions followed by EA, А (arid) 
and SA (Semi-arid) conditions are worked out and pre- 
Sented in Fig. 5. The similarities in the pattern 
of P(EA) and P(EA/EA), however, indicate that the 
Probability of occurrence of EA conditions almost 
remain the same even when EA conditions prevailed 
during the preceeding year. The pattern of P(EA/A) 
and P(EA/SA), however, indicate that the chances 
Of occurrence of EA conditions following an year 
with 'A' conditions are highest in Jaisalmer region 
and are low in Sikar region on the eastern side 
(Rama Krishna et al. 1984). The chances of EA con- 
ditions following SA conditions, however, are higher 
in the region comprising Bikaner, Churu and. Nagaur 
districts. The above study clearly show that ex- 
tremely arid conditions is a recurring feature of 
the extreme western part of the Rajasthan state 
and thus indicates the vulnerability of this region 
to further desertification during extreme drought 
years, 
The dust storm and wind erosion activity in 
the Indian arid zone has a good relationship with the 
Seasonal rainfall. A study of the frequency of dust 
storms and monsoon rainfall over western Rajasthan 
indicates that whenever the rainfall in a particular 
year decreases sharply and is very low, the sub- 
Sequent summer season experiences a sharp increase 
in the frequency of occurrence of dust storms 
(Krishnan, 1977). This finding has considerable 
Significance ов the mechanism of soil erosion and 
desertification process. This is so because drought 
Conditions result in sparse vegetation which with 
excessive human апа biotic interference quer fuel 
and grazing, deteriorates fast and causes soil surface 


to be over trodden thus making it 
utc ily and vigorously 


accessible to be blown off more eas 
Dy wind action. This results in the occurrence a 
large number of dust storms, dust raising kp 
8nd dust i the subsequent summer season. 
igre See ie effect on deserti- 


hus drough multiplier 
В t years have p k 
fication ERA The intense drought spell during 
he decade 1961-70 in the arid zone thus could have 
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contributed to some extent in the deterioration о] 
the desertic conditions in the Indian arid zone а 
сап be seen from the association between the cs 
rainfall and dust storm activity at Jodhpur ue 
was at its peak in summer of 1970 following aca 
two severe drought years of 1968 and od 
(Fig. 6). The present Spell of drought during be 
апа the current season of 1985 also seems to роши 
towards conditions leading to accentuation of deserti 
fication process once again in the Indian arid zone. 
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HUMAN RESOURCES ASSESSMENT IN ARID ZONE OF 
RAJASTHAN 


S.P. Malhotra 


I. INTRODUCTION 


ae Man has been one of the most 
hace, agent of biotic interference 1n 
m m of the Indian arid zone. 
З shrinking forests and eroded agricultural 
ЋЕ 5 5ћом the imprints of man's activities on 
is nM The crucial problem of the region 
gr us of human ecology and in the context of inte- 
правед resources surveys for the resource use plan- 
ms the assessment of human resources forms one 
50 its important components. Recognizing this, .the 
ul NE UE investigations have been undertaken 
ки establish the resources inventory for the sedentary, . 
ита and semi-nomadic population of the region 
"d adopting different techniques and methods suitable 
ipa different situations. For establishing the macro- 
met data base pertaining to the human population, 
CUR use, cropping pattern and livestock population 
Ба the data available. in various census reports, 
ae crue records, livestock census reports have been 
collected, compiled: and analysed. Since the popula- 
Поп inhabiting the arid zone could be categorized 
in two distinct groups Viz. settled and nomadic, 
tate economic surveys were separately planned for 
em. 


important and 
the fragile 
Over-grazed 


П SOCIO-ECONOMIC SURVEYS 


А. Settled population: 


Socio- i udies among the settled popu- 
ern ids part of the multi- 


iat 
ation have been undertaken aS 
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disciplinary integrated Surveys in tHe areas с 
basic resources Surveys have been ender akent tne 
study places emphasis on the understanding o ect 
existing Socio-economic Structure and cultural E 153 
of the population. Though’ various methodo эз vé 
viz. observation, interview and case study pé 
been found useful, the most effective method E 
establishing such a resources inventory has Mes 
by the application of the schedule method. Looki 


region these Surveys had been initially B — 
out at the Community Development Block Level. 51 id 
it was neither considered feasible nor appropr ш 
to conduct a census Study, a Study of hepresente ада 
Sample was resorted to. Community Developm S 
Block had been taken up as the unit of study 8 E 
a household for investigation purpose. A three stag 


А е 
WOrkers circle as the first Stage unit, a Mess 
in the selected village level circle as a poe 
Stage unit ang а household in each selected vi 


All the households of the 
merated and a 15% of th 
by simple random Sampling 
Schédules were filled 
households, The data 


ауе been collected. The Ds 
€ population with гези 
(0 age, sex, marital Status, education ang осецра ци 

distribution. Тһе Object here is to describe The 
"nature and type of use of human Рен E 
Second aspect relates to Cultivation-size of agric 5 
fragmentation, extent Sil 
Crop yield, disposal of farm produce, agricu M 
expenses incurred, agricultural practices folle ao 
labour utilization on farm, the. extent of абора 
of agricultural innovations and extent of ЫШ o 
ment. The object here is to give a programm 


Ни 
man resources assessment 
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agricultu з 
Portant шо. шери of the region. Another im- 
ОП Miel era aspect being investigated is the role 
The points b аһагу in the economy of the region 
type of livestock studied, here cae LM I and 
EUH" livestock ock kept, extent of sale of livestock 
Stock and ext produce, expenses incurred over live- 
55 ty of shortage of fodder.r, The information 
Related to forms the base tor recommendations, 
БЕ mun the improvement in livestock wealth, 
Stock isi ne of livestock and disposal of live- 
the Си A Cun The fourth aspect is a study of 
Products Y industries, extent of labour engaged, 
area which e, their disposal, and their catchment 
cc сек x rM a proper assessment of the pre- 
done to nfs „the industry and what needs to be 
with the ance its potential. The fifth aspect deals 
and the E of indebtedness, sources of credit 
AON in а of Institutional and traditional organ- 
Credit need he same. The object here to assess the! 
Th S etc. for planning purposes. 

been But: data collected through  scheauies have 
o sup n tabulation, analysis and interpretation. 
Seneca aca the informations collected through 
eld Whee individual and group interviews have been 
Population the representative cross section of the 
Mation ae _ For the purposes of interview,  infor- 
Prepared utlines or interview guidelines have been 
Outline in advance. A sample of the information 
may Ge on the settled population is enclosed.. It 
lection observed that this provides scope for col- 
agriculture “information on various aspects like land, 
ivelihood ” animal husbandry, other sources of 
factors . social and cultural aspects, environmental 
, form of settlements and rehabilitation 
secondary infor-, 


mea 3 
Sures. Additionally, all available 
d livestock census, land 


ati 
lon pertaining to human an 
collected through dif- 


Use 

E ARE pattern were 

i local sources like revenue records etc. The 
has been later integrated 


Info ү 

Seton so collected 

Bio eee e information collected 

tion S Survey of the area and the 
Plans prepared. 


through Basic Re- 
land transform- 
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As a result of our later experience about the 
arid zone society being more homogeneous, the size 
of sample of households was reduced from 15 to 
10 per cent. Still later it was realised that the 
Integrated Natural Resources Surveys will be more 
meaningful if taken up on the basis of landform 
units rather than on the basis of the administrative 
boundaries alone. The merits of this shift have 
already been discussed by the Basic Resources Survey 
team. 

А spatial integration of biophysical and socio- 
economic data based on biophysical land unit approach 
has therefore, been adopted currently. This approach 
is designated as 'Роршаноп and Land Use! study 
approach. Here again stratified random sampling 
p^occedure has been adopted. First the district 
(Universe) has been demarcated into approximate 
С.Р... (Stratas) e.g. the ‘Jodhpur district include 
(i) Hills, (ii) Rocky surfaces, (iii)Buried rocky 
surfaces, (iv) Gravely and Flat old Alluvial Plains: 
(v) Sandy old alluvial plains, (vi) Young alluvia 
Plains, (vii) Sand dunes, (viii) Flat and san 
interdunal plains, (ix) Saline Depressions. The уйа 
1адез having overlapping LFU's were excluded fel 
Socio-economic ‘survey purposes. One village dr 
each LFU (Strata) has been selected by the metho 
of simple random sampling in each Tehsil of Bu 
district. In each sample village all the heads 0 
households меге  enumerated апа then 10% of the 
total households меге seleccted by the method 
simple random sampling. Schedules are applied И 
these sample households and interviews held V! 
the. representative cross section of the PP 
lation. The information collected is  integr4 
with the information collected by the гї 
Resources Survey Тог formulation of the rep? 
of the district. 


B. Nomadic population: 


The nomadic groups of arid zone may 6 
be classified in four different groups, the past 
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n А " 
damas waleh include Raikas and Sindhis, the trading 
Si Au include  Banjaras, Ghattiwala Jogis 
Sica L m the: artisan nomads which include 
UNS k ohars, Sattias and Sansis and the miscellan- 
ie of nomads like Nats, Kalbeliya jogis- 
КИ ы past the nomads performed an important 
Dub qn bee function in the economy of the region 
the perc years, however, due to changes in 
of d social and economic set up the source 
Theo PM of nomads has received a set back. 
TA Pa up of means of communication has reduced 
radin portance of distribution activities by the 
lids күш) The shrinkage in the extent of grazing 
па и те to extension of cultivation has created 
villa ies for the cattle breeder nomads. The 
Wo gers are no longer dependent upon those nomads 
yas d specialised services. То assess the 
visit e of the sedentary population towards the 
Me EE ad nomads. а survey was conducted and 
а showed that sedentary population, in 
Ане! do not welcome the nomads for various 
Seer. This rupture of relationship of mutual de- 
SIDA ce between ihe nomads and the sedentary popu- 
of А made it imperative to think about framing 
Suitable policies for the welfare of nomads. 
izes ape тај survey of the different categor- 
tho o nomads has, therefore, been taken UP with 
following broad objectives. j 
i) To study the history of nomadism and the 
factors which have influenced it through 
the decades. 
ii) To study the different groups of nomadic 
population and their present role in the 
A есопоту of the region. 
iii) To study the pattern © 
ation of the nomadic 
socio-economic factors associate 


+ economic organiz- 


population aid the 
d.with their 


" nomadism. ) 
17) сто study репа а of nomadism and the 
migratory habits, route of migration and 


nomadic life of the groups- 
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v) To study the social organisation of the 
nomads and the role of different socio- 
economic and political institutions. P 

vi) To study the values, practices, beliefs 
and other cultural factors of the nomads. 

vii) To study the problems of the nomads; and 

viii) To examine the best ways and means of 
rehabilitating the nomads after evaluating 
their economic roie in the region. 

Due to inherent difficulties in the census count 
of the nomads and also the availability of the uml 
verse at one time, the method of quota sampling 
has been resorted to for the purpose of schedule 
filling. Additional to the schedule, the application 
of geneological method has proved very useful for 
collecting informations pertaining to their 5осјо-есоп“ 
omic life, Particularly, with regard to their kinshiP 
Structure which is 50 important for introducing anY 
change in their socio-economic life. Indepth  inter- 
Views from the representative cross section of the 
Population were also resorted to this case for со 
lection of detailed information on -the aspects 0 
animal husbandry, cultivation, other sources 4) 
livelihood, social and Cultural aspects, environmenta 
actors and rehabilitation measures. The information 
outline Providing guiding Questions was prepare 
in advance for use during interviews, 

Based оп the above 
reports for the Banjaras 


have so far been finalized. The sedentarizatio 
Schemes so formulated have provided leads to is 
Central Planning Commission in plan formulation #07 
the nomadic and Semi-nomadic Population, 5 
Additionally, Several other Specific purpose 
surveys, like the "Impact of irrigation on Sor 
economic life of inhabitants", “Diffusion of Agricu. 
tural Innovations", "Social Aspects of Desertification": 
"Socio-cultural Prespectives of Land Reforms", 
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"Mic - i 

њен ле village studies" etc. have been 

in E ee provide a very useful information 
ion of any plans for the region. 


II. FINDINGS 


I. ) i 
Population characteristics 


the Maus over an area of 208 thousand sq.kms. 
Hey e ee ad oh arid zone (consisting of 11 *districts 
millions (198 ajasthan) has а population of 13.40 
of 64 aes 1). The region has an average density 
most, MILI. per sq.km. (1981) and is One of the 
growth mid population deserts of the world. The 
URL MEN e _of population (1901-1981) in the arid 
Нека. AH Rajasthan (excluding Ganganagar district 
Of. Bopul e rise has been mainly due to immigration 
State a was 294% as compared to the Rajasthan 
SML %) and of the country as a whole (187%). 
ЕК ш; within the arid zone of Rajasthan the 
1901-81 24 increase in population durihg the period 
сатти as been 279%, 262%, 219% in the region 
GEAR GS annual rainfall of less than 12" (excluding 
Үү gar district), between 12"-16" and above 
respectively. 

Јане The present аде 
high and their marital status 
potentialites of | expansive 


and sex composition 
further revealed 


future growth of 
the dangers of 


ро е 
ано: Being fully aware of 
9 wiped out due to high mortality, specifically 
the arid zone society had 


d : 
see famine periods, 
d in high fertility norm 
ity Weed 5 specifically 
tent re been controlled to 
e high fertility norms 


s in their culture. Though 
the infant mortal- 
а significant ex- 
still continue. 
of children are 


E 
Thee marriage and begetting 
Soin parts of the social ethos of. these 
e Any deviation from the established 
an aberration 


Norm а 
S 15 looked down upon 85 


Bikaner, Churu, 
Sikar, Jalore and Pali. 


* 

The 1 

ARCA PU districts are Barmer, Сапдападаг, Jai- 
er, Jhunjhunu, Jodhpur, Nagaur, 
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епа as wholly incompatible with the social fabric 
i the society. Divorce is a rarity, if not altogether 
пеломп, and widowhood soon culminates in remarriage 
except for among Rajput, Brahman and Mahajan castes. 
If the birth rate does not fall, the present дар 
between births and deaths will further widen and 
the region will be faced with an inevitable population 
explosion. Family planning programmes undertaken 
in the region 'after independence have yet to make 
any inroads. due mainly to their inherent weakness 
in terms of negligence of cultural variables which 
are mainly responsible for creating chain of resis- 
tances. It may be emphasised that the obstacles t? 
small family norms are not primarily technologica 
but sociological. Unless the ancient prejudices, deeplY 
ingrained beliefs and traditional cultural practice? 
are taken. into account it will deprive us of the 
Sources of support to any family programmes and 
lead us to centres of resistance. 


2. Settlement pattern 


: The settlement pattern constitutes predominantlY 
dispersed homesteads and this provides greater 
benefits for raising livestock апа іп agricultural 
operations. However, there is much lesser use у 
ссоттип ћу facilities and the net work of service 
institutions normally do not reach the dhanis (0157 
persed settlements) due to inherent difficulties Cre- 
ated Бу inadequate communication facilities. y 
suggests scope for , organising intensive survey? 
and researches for bringing about effective improve” 
ments in human settlements compatible with the socio" 
cultural values and for’ making better use of 1068 
materials to make the traditional abodes comfortable: 


5 Cultural Integrity and Resource use. 


e 

Resource use being the decisive factor of ШЕ 
pattern of their living, the population of Rajasthan, 
arid zone is divided into two major groups, ve 


‘institutions rather than 
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the "n A 
oo = the sedentary. The pastoral nomads 
ide cultes extreme arid areas considered unsuitable 
hüebandry pos and engaged themselves in animal 
ате dp жос livestock and livestock pro- 
uz cereal f ks entary population in exchange for 
па тешка oods that were produced mainly by the 
ES ud 4 castes. The other types of nomads also 
E. etum ч the needs of the sedentary population 
BOE Tubi at grains (Malhotra, 1971). The sedentary 
Woes M nm large, lived in villages which 
supplied E ficient units except for the materials 
сайы, the nomads operating in the region. 
broadly , ype of the two populations were further 
opm M os on the basis of their traditional 
a! patter . There was а definite division of labour, 
fide “at AN of exchange relationships and a distributive 
THe "no e eco-system within nomadic groups, between 
ie Pisco and sedentary populations and within 
V ME entary population. The traditional system 
Broken ра integrity апа resource use has largely 
EL obu own.There ds increasing overdependence 
fa! uar ation on agriculture and the man land ratio 
davies declining. It . 1S; therefore, necessary to 
p avenues of employment other than agricultural 


and 
also to encourage and make use of the traditional 
to truncate the same. 


^. Agriculture 


and Inspite of the poor soil fertility and the scanty 
erratic rainfall cultivation 15 the major occupa- 
i i-arid parts 


+ 
ion of the people in the arid and semi 
of land holding in 


ihe Rajasthan. The average size 
The region is almost double than that of the state. 
us land distribution, nowever, 1 
of 8 concentration of land holdings 
pota farmers. 
he per capita 8 
graphical area) [on d 


total land (geo- 


vailability of 
bout 35% during 


eclined by a 


^ 


| 
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1951-71. While taking the current trends of popula- 
tion growth into view this is likely to further de- 
cline Substantially by the turn of the century. 
Studies conducted of diffusion and adoption of im- 
proved technology by the rural population have пея 
vealed that it has so far made only a smallleeway in 
ihe arid Rajasthan. As а consequence more and more 
lands have been brought under plough as is evident 
from land use Statistics. The net area sown had 
increased by 19.6 per cent during 1956-57 to 1966- 
67 by an additional 3.3 pér cent from 1966-67 to 
1976-77. During the period of 20 years (1956-57 
to 1976-77) the net sown area had increased by 
23.60 per cent. The area under less intensive use 
of land decreased by 10.7 per cent during the period 
1956-57 to 1966-67 and by an additional 5.1 per 
cent during the period 1966-67 to 1976-77. 


5. Animal Human Relations 


The high mortality among the livestock also 
used to take away a sub 
iety had, therefore, devel- 
it prestigious 10 
Quantity over 


grazing resources. Like the grow- 
ing human population the livestock population has 
increased from 13.4 million in 1956 to 19.0 million 
in 1977. The desert area possesses some of the 
best breeds of cattle, sheep, goats, camels etc. 
The pressure of ‘livestock on the grazing lands; 
however, is acute and there is a perpetual shortfall 
of forage requirements, The production from livestock 
is consequently low. 

To have effective and 
eco-system, and for utilising 
grasses, shrubs, tree leaves 
used to herd 


balanced use of pr 
different types © 

etc, the households 
а mixture of animal types including , 
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cat 
of e camel, sheep, goats etc. The importance 
SS the аса to the farmers; lies not merely 
but also ps this hardy animal gives to its owner, 
EE wx its role in the raising of sheep. Goats 
ES ius as foster mothers to lambs as well as 
Sheep. Al shepherd in grazing and herding the 
E. ani Y in case of any attack by wild beasts 
indication m qu which bleat and give an instant 
of mortalit owner about the attack. Wwe SS 
thay, C c among sheep is comparatively бїзгє 
аи ig ats uring scarcity conditions. It is a 
C aes ying among the desert people that "Oont 
4 aakra aur bakri chodde Капкга" ie. during 
er boas conditions, the camel will only leave the 
Pelotrepis: wine the goats will only leave pebbles. 
Pha implies that the goat can survive on the most 
nty vegetation. The goat also acts as a poor 


man's cow. 


6. Vegetation-Human Relationships 


E Due to over-cultivation, the feed-back regener- 
b ion process of trees and shrubs is being hampered 
y the cultivator, for he maintains a bare minimum 


tree-shrubs nopulation in the crop field, and rest 


is uprooted, -esulting in lowering the woo 


Production. 
r4 The requirement and 
huge and over exploitation 


i inescapable. The older people 
mit that during the course of years the number 


of trees and shrubs has gone down steadily and 
Not even 35-40 per cent of what was available 30 


years ago has been left over- 


over-increasing demand 
of the vegetal resources 
in the villages 


7. Credit and Indebtendness 

interest ra 
]most uniform 
investments, 


tes and food grain 
for the country, 
"besides being 


bs Credit facilities, 
ea nemen prices are a 
ough the returns from 
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i n 
risky, are much lower in the arid zone. More је 
than not, the crops in the region fail and the a, 
ings accumulated over a number of years can rare 


meet the future capital needs of investment in differ- 
tions. 

SN MEI Mahajan, the traditional money lender, 

Still remains to be the Chief source of credit and 

quite substantial part of the debt incurred by the 

farmers is due to the high rate of compound interest 

on the loans charged by hi 


Co-operative societies 
have been functioning in some 

have so far been unable 
One of the chief 
these societies give loans only for productive pur g 
poses and not for other Purposes, including the socio 
religious needs of th 


Also the foresight 


8. Nomads and Nomadism 


Famines of different kinds, namely akal (great 
famine), jalkal (scarcity of Water), tinkal (scarcity 
ОЁ fodder) and trikaj (scarcity оғ fodder, water 
and grain) have been of common оссиггепсе in the 
region. To cope UP with such unfriendly climatic 
and environmental Conditions, the inhabitants have 
been resorting Nomadic and 


to i i life. 
Semi-nomadic 
They are not a Separate ethnic gro 


e 
up and do not hav 
8 Separate territory with exclusi i nomic 
framework lve rights and eco 

The nomadic groups of be 
broadly grouped i the arid zone may 


t categories, viz. (a) the 
aikas, 5: sy Parihars, Billochs 
(Banjaras,  Ghattiwalà 
(c) artisan Nomads (the садо119% 
tias) ang (d) miscellaneous type 
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аак (Nats, Kalbeliya Jogis). 
ant LA er His nomads performed an import. 
region | гу unction in the economy of the 
in Ри n recenr years, however, due to changes 
AES Ng social and economic set up of the 
d E e sources of livelihood of the nomads ha 
onsiderably contracted. in 
Gas а таа, Sunken moie indiscriminate ee 
с Ma m х П indiscriminate use 
NY eagre available grazing resources and defeat 
к осе Soil conservation measures. In the changed 
con y, the nomads аге | теапасе for the whole 
жк and their sedentarization is desirable. The 
the m up of means of communication has reduced 
Mee er cai of distributive functions of the trading 
of ai _ Shrinkage of grazing lands due to extension 
free tivation has created difficulties for the cattle 
VET er nomads. Villagers are no longer dependent 
TM the nomads who rendered specialised services 
ae past. Studies have shown that the sedentary 
Tor ms in general, do not welcome the nomads 
arious reasons. 
Es This rupture of. relationship of mutual depend- 
RA between the nómads and the sedentary POPUT 
à _ points to the need for the formulation of 
policy for the welfare of the nomads. 


Detailed rehabilitation schemes have 
trading nomads) , 


Prepared for the Banjaras (the 
isan- nomads) and for 


t 
„ће  Gadoliya Lohars ы 
ders -of the Anupgarh-Pugal 


keeping 
tructures an 


i 
Mportant social and eco 
Studies have shown 


desi 
ee sedentarization in 5 
ir own choklas- Sedentarization 


tais basis will ensure the continuity Ө" 
Roe relationship with sedentary population through 
ds ating facilities for the articles fabricated by 
је nomads. Settlements in small, scattered groups 
Will make it easier for the Government to allot 


Gadoliya Lohars 
groups within 
programmes on 


128 ӘР. Malhotra 


land for cultivation to the Gadoliya Lohars. Moreover, 
Such  sedentarization should rule out any Ке 
of fueds occuring amongst the households of differen 
Clans. The Gadoliya Lohars should, therefore, be 
settled in bands of small kinship groups within 
their own choklas or their present areas of movement. 

Nomadic Banjaras Should be sedentarised tanda- 
wise i.e. in small kinship groups. Settled Banjaras 
work in agriculture and animal husbandry, trading 
in cattle and Salt. The tanda should be treated 


as the unit for settlement Purpose. Any approach 
to the Banjaras Should be 
who are not their 


media for communica 
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ПРОБНЕ DESERTIFICATION AND 
IRONMENTAL IMPACT ASSESSMENT 


R.N.P. Sinha 


I. INTRODUCTION 
йоз Toe concern about the extension of desert con- 
about th as been an offshoot of the global concern 
The ù ae deterioration of the environment as a whole. 
e om Nations Conference on Human Environment 
Mant eld in Stockholm in 1972 to consider environ- 
ae a assessment, whien ahas picoun a be known 
Nat arthwatch in its global application. The Earth- 
ati ch was meant to have four functions: (i) evalu- 
on and review to provide the analysis to identify 


the gap in the knowledge and action; (ii) research 
new interpretatidn 


ч provide new information ОГ 
st old information which may lead to better under- 
anding of environmental problems and thus provide 

(iii) monitoring 


Rura to decision making process; f i 
gather in a continuous and systematic fashion 


Certain data on specific environmental variations, 
rmine and predict 


a 

е to evaluate each .data to dete 

at portant short and long-term environmental trends; 

па (iv) information exchange to provide data to 
the world 


Scientific and technological communities 
SN So that decision making at all levels may have 
t е bencfit of the best information available а: 
пе appropriate time and in the most usable form. 
th A few months after the Stockholm Conference 
9 United Nations Environmental Programme (UNEP) 
mas established with its headquaters in Nairobi. UNEP 
Vegan to develop and apply its theoretical concept 
into practical terms, the most marked progress being 
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made in the field of monitoring and information ex- 
change. Thus the Global Environmental Monitoring 
System (GEMS), the International Referral System 
(INFOTERRA) and the International Register of Poten- 
tially Toxic Chemicals (IRPTC) were established. 
With the help of а global network of monitoring 


efforts of the UNEP, 


bodies, the GEMS had tried t 
to understand rapidly and 
brought about in the global en 


of man. It has set Seven g 
1982,p.15.) 


о establish the means 
correctly the changes 
vironment by the action 
oals for itself-(Tolba, 


1. Establishment of an ex 
warming system. 

2. Assessment of 
and its impact 

3. Assessment of 


Panded human health 


global atmospheric pollution 
on climate. 
the extent and distribution 
\ of contaminants іп biological systems, parr 
ticularly food chains. 
^. Assessment of the critical environmental 
"problems relating 


to agriculture and land 
and water use. 

5. Assessment of the response от terrestrial 
ecosystems to the human r xerted 
ne pressures e 

6. Assessment of the state of marine pollution 
and its impact on marine ecosystem. 

7. Improvement in the monitoring of the factors 
necessary to understand and forecast natural 
disasters, 1 

It is an extensive 5 i i е, 

ystem and it will tak 
тапу years to establish in its entirety. But 
me obvious is that it does 
growing problem of the de- 
the great drought (1968-73) and 


of the Saharan desert; 
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dr i 
| ин ти focussed on the accentuation and ex- 
of ko ss desert conditions. This led to the convening 
e nited Nations Conference оп Оезегш i 
\ J к rtifi 
at Nairobi in August, 1977. E 


JI. DESERTIZATION AND DESERTIFICATION: 
The Po term desertification was thus used for 
А ae time in this context. Mostafa Kamal Tolba 
Renita opening address to the Conference stated, 
og of desertification, fragmented among a great 
indeed. of disciplines, lacked structure and coherence. 
тыз ed the very word itself, а neologism that has 

yet found its way into the dictionaries, lacked - 


RUM still lacks- a definition that satisfies everyone. 
recise. standards are yet to be formulated for meas- 
(Tolba 


uring desertification and gauzing its advance" 

1982. p 72). 

dm Before this, 

16 T to indicate the areas t 

fe eserts, the desert being defined by the  Con- 
rence as 'regions where vegetation is scarce ог 

absent as a result of lack of precipitation or of 


edaphic grought'. The term 'desertification' indicates 
esert by man (from 


uat areas have been made into d 
e Latin ғасаге= іо make, Vink,, 1983, p.178). The 
Conference defined the term desertification as 'the 
intensification or extension of desert conditions; 
lt is а process which induces a reduction of bio- 
logical productivity with consequent reduction of the 
biomass of plants, of grazing capacity of this land 
for cattle, .of the yields of crops and of human- 
eings'.  Desertification occurs predominantly along 
the borders of deserts in areas where the average 


annual precipitation is in general between 100 and 
300 mm in any year. 


the term desertization was already 
hat have become similar 


200 mm and rarely comes above r ge 
1 it is .clear by, now that while desertization 
is due mainly to natural causes like climatic accidents, ` 
and natural edaphic deterioration, 

found in popu- 


Recon action | 
е main cause for desertification is 


lation increase which leads to rapid extension of. 


inha 
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ral land over increasing dry areas, омео 
IE the livestock, destruction of du es 
for fuel, and increased establishment of wells i 
drinking water _ resulting in disturbance of wa ad 
balance. No less responsible may be the over enthusi 
astic developmental: activities like opening of T 
setting up of industries and building of dams wi 
reservoirs and Siting settlements which may distur 
the -ecological balance thereby extending the margins 
of the deserts or accentuating the existing desert 
conditions. 

The Nairobi Conference on Desertification pros 
duced, among other documents, а World Desertification 
Map on a small scale (1:25 mill.). based on Soil 
Map of the World (FAO/UNESCO 1971) and on other 
data and criteria, The following phenomena have 
been shown in the legend of the map: 


(i) degree of desertification hazard (very 
high, high and medium) 


(ii) Vulnerability of land to  desertification 


Processes like sang movements,  deflation; 
sheet wash, accelerated | run -off,  gully 
erosion, 


deposition, salinization and alka- 
nization. 


(iii) bigh human and animal Pressure, 


(iv) bioclimatic zones: hyper-arid, arid, semi- 
arid, and sub-humid, 


Port attached to it over 
very high degree 
Million are in the arid 
“arid zone and some 100,000 
in sub-humid zone, 


3 mill. Km? of the 


, 


III. MONITORING OF ENVIRONMENT AND ENVIRONMENTAL 
IMPACT ASSESSMENT 


Monitoring has usual] 
independent exercise b 


Cision making process 


У been seen not as ап 
ut as Closely related to ЧЕ; 
* Monitoring separated fro 
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е. up making process will be ignored. There- 
ак e ing monitoring system as the essential 
КЕ de ae information and decision is crucial 
icu a ministrative and political structure of the 
ру making system. On the basis of this under- 

ing the. essential roles of monitoring have been 
Specified as :- 


1. determining how; far a given policy is suc- 


ceeding in meeting objectives. 

2. detecting important environmental and econ- 
omic problems at an early stage and 10 
determine if the best use is being made 
of available opportunities. 

3. determining how far the control implemented 
is meeting the assumed costs and benefits, 


and 

4. determining what 
are necessary 10 
performance (Bennett and 
p. 259). 


modifications, if any, 
improve control system 
Chorley, 1978 


Monitoring of environment is the foundation 
As which the new concept of Environmental Impact 
Ssessment (EIA) has been built Ше ELA Мазы 


ceived in the U.S. in recognition to the practical 
The National 


limitations of cost-benefit analysis. 

Environmental Policy/ Act of 1969 (NEPA) required 
= Environmental Impact ) for all major 
едега! actions significantly affecting the. quality 
of human environment. EIS had to give certain state- 
ments on the impact ion, any un= 
avoidable adverse impacts, to proposed 
actions and the relationship 1 је тор term 
Uses of the environment an the maintenance of long- 
term productivity, and finally, any irreversible or er- 
retrievable loss of resources. Several countries of the 
World-Germany, France; Ireland, and now India as 
Well, have also followed the American example and 
Some form of environmental impact analysis 15 


Feat: 
Squired by law. 
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EIA is specifically designed to look NS 
nature (characteristics) and distribution 5 ES 
Spread, timing and effects on particular pde 
society) of impact that might result. from a bs E 
action, programme or policy initiative. dily 
deals with those effects that are not rea 


nd hence which can not 


benefit balance sheet. An EIA. 
should contain the following - (Turner and O'Riordan, 
1982, p. 387): 


ИЗА description of the 
and of relevant alter 
nothing at: all, 

2. Prediction of the 


proposed scheme 
natives including doing 


nature and magnitude 

of environmental effects, both positive 
and negative, preferably for each of the 
alternative Studies, 

3. An identification of how 
valued by re 1 

4. А testing of impact indicators as wel 
as of the meth 


ude and relative weights. 
Prediction of the 


magnitude of ind 
impact indicators and of the total impac 
of proposed Project and relevant alter- 
Natives, 


for project acceptance 
ог rejection Plus advice on how to reduce 
or remove the most serious of the impacts 
r as a Socially valued, for 
recommended for Adoption of the most suit- 
able alternative Scheme, 
7, WA Programme of inspection both during 

Project Constrution 


Thus EIAs are’ 
or analysis, 


Judge the seri 


Е WP s 
pos usedi 10. determine thel 
Scales of magnit 
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political representatives who finally make the deci- 
Sion should weigh-up the relative merits of different 
arrangements advanced by different interests in SO 
ciety. The EIA should also help the decision maker 
weigh-up the importance of different arguments. 


IV TECHNIQUES 


There are numerous possible techniques for 
evaluating the impact of major proposed activities 
on the environment, which can be applied in the 
Context of monitoring the process of desertification. 
Any sort of developmental project 15 likely to dis- 
turb and even disrupt the fragile desert ecosystem, 
initiating further desertification. Therefore, before 
Starting any project EIA must be made. A limitation 
Of space permits the presentation here of only five 
techniques, four reviwed by Mitchel (1979) апа 
one by Turner and O'lRisordan (p. 393-6). 


1. Check lists method: 


This technique has also bee 
as Background Data Analysis or Baseline Inventory, 
а descriptive method. This is a simple method and 
1S used during the initial stage of identifying major 
areas of concern. The check lists detail a range 
of primary impacts to be considered. It starts from 
ап understanding of the physical and biological pro- 
Cesses and parameters which are likely to be affected 
by a proposed scheme. Categories of impacts are 
usually sub-divided into different areas of concern 
Such as ecology, pollution, aesthetics and direct 
effects on man. Ideally, they should also cover 
an assessment of the interests and preferences of 
the different social groups in the area concerned, 
for any major proposal is bound to affect their 


Values and. attitudes.. 
In practice, however, this seems to be an 


n called by others 
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almost impossible task. The Noam, may Er 
for many years to understand the nature о ж 
cess and trends. Therefore, to simplify and s dut 
the process sampling methods are used. This invo ue 
judgement as to what is likely to be affected, an 
is environmentally important or politically relevar . 
This determines the quality of the final analysis. 


2. Overlay method: 


In this method a seri 
are prepared on 
the following Steps: 


es of maps of the od 
transparent paper. This involve 


(i) The study area is divided into sections 


on а grid system or certain 
aS topography, geology, 

» Population etc. 

(ii) Data are collected for the chief character- 
istics of the area Such as - .topography; 


geology, Climate, soil i hydrology + demog- 
гарћу, housing, Water distribution, animal 
and plant life etc 


(iii) Then positive, ne 


features such 


indicated by light 

impact by dark shading- 

Each environmental characteristic will have 

one map which wil] indicate the nature, 
intensity апа Spatial distribution of the 
impact. 

(iv) Lastly, the transparencies are laid one 
Over the other. This will giv 
ite picture of Clusters of high and low 
impacts, 


This process permits 
Maps at a time, but 


the use of only a few 
in Comparing 


computer Mapping may help 
а larger number of Maps at a time. 
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The greatest merit of this method is its attractive 
visual display, more 50 if made in colours. This 
is obviously the best suited to persons in geo- 
graphic profession. 


3. Matrix Method: 


Я It is quite соттоп to prepare а matrix to 
identify the impact of any proposed project on the 
environment. This involves, first, the identification 
of all- the actions that are part of the project. 
Then it is visualised how each actions will in- 
fluence every aspect of the environmental character- 
istics or conditions.’ Thereafter, the magnitude and 
importance of each impact are assessed. This is 
the most vital part of the exercise and most diffi- 
cult as well. The basic problem here is that there 
is no means of deciding which impact is important 
and which not, and what will be the magnitude 
of the impact. Immediately arises the question who 
should decide the creteria by which the effects 
are to be assessed. A representative committee con- 
sisting of informed people from various walks of life 
representing a cross -Section of interests may do 
this work. This committee may fix weightage ranging 
from 1 io 10 both for the magnitude and importance, 
10 representing the greatest magnitude of importance 
and 1 representing the least (but no zero). А simple 
Set of criteria can be established to assist in the 
determination of these numbers, such as (i) benefi- 
Cial and/or adverse (ii) short term and/or longterm, 
(iii) reversible and/or irreversible (iv) direct 


and/or indirect. (v) local and/or strategic (Haynes, 
p.392). Now each environmental 
2 О 


ri К UM 
Characteristic the indicating magnitu 
the impact is placed on hand side of gen 
and the number. indicating the importance on e 
right hand side as shown in the table below. 
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Table I: An Environmental Matrix: 


Environmental Proposed Action 


Deep Ploughing Enlargement 


Characteristics Drainage of peatland of fieldsize 

Ecology Plant species 10/10 10/10 4/5 
diversity 
Endangered Plant 7/10 8/10 4/2 
species 
Endangered insect 8/10 7/10 4/2 
species 

Amenity Intimacy of landscape 2/7 6/8 7/9 
Distribution of 5/8 4/3 8/9 
trees 


EE uuu n 7 


After Turnner and O'Riordan 


ere to add the numbers., The: 
numbers indicate the j 


that it is relatively 
Cope with obvious effe 
impacts May result in 
be studied with 


aS noise, visual intru- 
in knowing that 
beauty “has not been 


Monitoring Desertification 141 


EUR mE and the environment. For example, 
ay а of canal irrigation in the desert area 
P ecu, a direct effect for the better on the plant 
НА 24 (first order impact), but some of the 
‘his ay also be due to changes in the water 
thé M ens as waterlogging, or due to changes in 
er Ји олуји ios - increasedi humidity and influx 
Bad eu may harm standing crops (second 
atartk ir order impacts). The network analysis 
dead pu a list of activities which would arise 
US a proposed project and attempts to trace the 
This quent series of impacts and their interactions. 
e method is most useful for assessing single 
oposals where the impacts are relatively simple. 
One stumbling block in case of network analysis 


is the lack of information about cause and effect. The 
eee are also not weighted as to their import- 
RU But this type of analysis is easy to follow 
м be of great assistance in informing nonexperts 

as members of public and elected representatives. 


5. Quantitative Method: 
impact variables are 


Кечи In this method all the а 
f ced to numerical values 50 that an aggregation 
of all such values may give an assessment of the 
degree or amount of impact. So the first exercise 
in this case is to determine weights according to 
the estimated importance among а fixed number of 
e anting units. The following procedure may be 

ollowed to fix the weights: 
(i) A group of informal individuals is explained 
the concept of weighting and the use of 

ranking. . 

is asked to rank environ- 


(ii) Each individual 
t categories(such as ecology 


mental impact - ‹ 
and amenity) in decreasing order of import- 
ance. He assigns a value to the first 
category on his list and then decides the 
value of others as compared ' to the first, 
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(iii) 
(iv) 
(v) 


(vi) 


Once the wei 
to process, Thus, 
of environmental quality 
the following steps: 
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the estimates varying in decimals between 
nd 1. 

d each category all the impacts are 
Similarly ranked and given decimal values. 
Averages are computed over all individuals 
for all categories and all detailed impacts. 
The group result is revealed to the indi- 
viduals and the experiment is repeated 
with the same group апа also with a 
different group. : 
The final weights are fixed in proportion 
to the averaged scores, out of a fixed 
number (may be 100). 

ghts are fixed, they are related 
for each of the impacts an index 
is developed, by taking 


Information is obtained on the relationship 


between the environmental variable and 
the quality of environment (for example, 
environmental Quality increase with the 
diversity of plant Species). 


The axes of a graph are drawn wherein 


mental quality ( 
The environment 


that point is marked 
This process is repeated 
alues of the environmental 

Y; all the points are 
joined to make 


a curve representing the 
relationship 


between the variable and 
environmental quality, 


Several persons 
ests in Society are aske 
1 and 3,, and the curve 


is averaged 10 
give a group curve, ‘i 
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5. This curve is shown to all participants 
and they are asked to review if there 
are large variations. The group curve may 
then be modified. 

6. Steps 1 and 5 are repeated with a separate 
group of specialists, to test for repro- 
ducibility. 

7. All the above steps are repeated. for all 


selected variables. 


The process is, no doubt, tedious and laborious, 
but the crucial point is that "While the weighted 
exercise gives a good sense of importance of various 
key environmental characteristics, it is the relation- 
Ship of likely impact to these weighted environmental 
Characteristics that provides the decision maker 
with a proper understanding of the socially valued 
implications of various courses of action" (Turner 
and O'Riordan). 

All these environmental impact assessment 
methods help to highlight the major impacts and 
pinpoint issues which are of concern to the community 
involved. From the point of view of simplicity and 
adaptability, geographers may opt for the overlay 
method as that involves mapping which is their 
exclusive field, though other methods also may 


i i hese 
бе a i ofit. The need is to apply t! 
кай к Оу. + of the new projects 


methods to the study of impac : 

in the desert environment 50 that steps em E een 
to stop the intensification or o oe 
tification in India. 


utward mar 
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"DESERTIFICATION'-BY SOILS APPROACH 
^.S. Kolarkar and Nepal Singh 


I. INTRODUCTION 


As a sequel to the sufferings of people due to 
disastrous droughts in the late 1960s and early 1970s, 
in the Sudano-Sahelian zone and on the initiative 
Of a number of developing countries of Africa which 
Suffered it, the problem of desertification on a 
Global scale was brought forward for the first 
time at 29th session of the United Nations General 
Assembly in 1974. Later, to create a global aware- 
ness of the problem, United Nations Conference 
оп Desertification was held in Nairobi in 1977, 
Calling for discussions on varied point of views 
of various countries and presenting a Desertification 
map of the world. The general concensus was:(a) 
а considerable area has become desert since the 
dawn of civilization, and (b) many vulnerable areas 
are even now being turned into desert. Further, 
the process of desertification has intensified іп 
recent decades and it threatens the future. The 
Main cause had been recognised as intensive and 
indescriminate human use of the land, water and 
Plant reasources which is ecologically inappropriate 
to tbe natural conditions and the special features 
Of arid and semi-arid lands. It was also felt that 
it is a very complex process and the knowledge 
about the scientific problems involved in it is 
either inadequate or totally lacking. It was decided 
to bring to the attention of the people of the world 
and their political leaders in particular, the extent 
Of desertification in the world, its causes and 
also its appropriate remedies. 
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II. DESERTIFICATION 


The term ‘desertification! is relatively new 
to the community of soil scientists, though they 
have been familier to the words like "Soil deterio- 
ration" or "Soil degradation" which implies decline 
in productivity 
tions Conference 
S to be no generally 


» although its ultimate 
grave effects are widely accepted, and appreciated. 


In a note Supplied along with world map 
of desertification (FAO and UNEP 1977) the term 
is defined as "The intensification Of or extension 
of desert conditions; it ig a process leading to 
reduced biological Productivity, with consequent 
reduction in plant pj » in the land's carrying 


› 1n Crop yields and human 
Well being", It was felt by Rozanov (1982) in-U.S.S.R 
that such а definition 
though acceptable for Political and administrative 
purposes, is inadequate from technical point of 
on in scienti- 
"Desertifica- 
le change of soil 
the direction: of 
iological Productivity 
е Cases May lead to total distruction 


: r Change of Soil and vege- 
tation that requires either man's ameliorative 


) r а very long (decades or centu- 
ries) natural process 


for restoration of it 
to former Condition, 
Dry land:- Territory in 
semi-arid, arid or seaso 
Desert:- Dry land which devoid 
Of vegetation and developed soj | 


0115. 
Biologicai Productivity :– Annual Production of 
biomass, 
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Aridization of soil:- Decreased ability of soil 
to supply plant with available water. 
Aridization of  vegetation:- Increase of  xero- 
Philous species in vegetation together with 
general dimintion of vegetation density and 
biological productivity. 
"D Dregne (1978) іп USA, defined the term 
®sertification is the process of impoverishment of 
terrestrial ecosystems under the impact of man. It 
15 the process of deterioration in those ecosystems 
that сап be measured by reduced productivity of 
desirable plants, undesirable alterations in the 
biomass and the diversity of the micro and macro 
fauna and flora, accelerated soil deterioration and 
increased hazards for human occupancy". 

It is obvious from above definitions that 
Many point of views still exist concerning the exact 
Meaning of desertification. However, there are no 
two Openions on the fact that i) It is a complex 
Process involving man, plant, soil, animals. ii) 
LIS process which has a number of stages from 
Slight то шауга. iii) as a result, it affects and 
Sffects: in decline in the land productivity in terms 
of biomass/crop production. iv) soil factor; which 

а general media for all plants to grow is a 
basic Componant to be considered in desertification. 


m, DESERTIFICATION CAUSES AND PROCESSES 


and degradation on range land, or grassland, 


ЈЕ 
Woodland or forest land and crop lands begins with 
deterioration of the vegetative cover due to over- 
Srazing, wood cutting, and improper cultivation 
Kassas 1970). Once the plant cover is disturb- 
rat, Soil degradation occurs in the form of accele- 
Su ed wind and water erosion, soil compaction, 
Pon) ce Soil crusting, loss of soil humus and soil 
Шу, Salinization and water logging (Dregne 
82), Salinization and water logging have attracted 
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most attention only in relation, to irrigated land 
Productivity, but they are also problems in some 
dry land farming areas (Vander Pluym 1978; Dregne 
and Zartman 1980). Accelerated water and wind 
erosion is a prime factor in affecting soil conditions 
and reducing productivity. Most obvious example 
is the removal of rich fertile top soil and exposure 
of argillic B horizons іп developed soils. The 
important soil characteristics like infiltration rate, 
moisture content; structural Stability, soil density, 
available nutrient level, etc, are all altogether 
different and inferior in this new surface soil than 
in the old one. At many places, the underlying 
hard strata ог rocky material gets exposed. It 
is therefore certain that eroded soil could never 


original soil even if ero- 
Sion were reduced. 


no question of doubt that a very severe wind erosion 
condition known as an argillic 
ог calcic horizons ог gravelly or rocky strata is 
exposed to surface, has brought about a permanent 
change in arid region Soils. If this happens through 
water erosion, it 


is the same in effect, with that 
Process too. 


The major desertification Processes recognised 
by Dregne (1982) in North America are basically 
Soil degradation Processes. They are water erosion, 
wind erosion, both associated with loss of soil 
fertility, compaction and soil crusting, which can 


degradation, and salinization. 
Processes recognised. by him in 
water erosion, wind erosion and 
The major causes found for these in 
south America are, over grazing, excessive wood- 
Cutting, dryland cropping of land 
quent droughts, and of irrigated 
lands. a heavy stall in the 
In, North America three 
described are i) over 


lands ii) salinization of 


major causes. or instances 
grazing in desert grass 


' zg: > 
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p. lands and iii) Wind erosion in crop lands 
ihe т Plains during protracted droughts of 
Пана 3 Major processes recognized by Balba 
T in north Africa are also the same and in 
een. of their seriousness i) Wind erosion, par- 
Wate arly sand movement and formation of dunes, ii) 
io r erosion iii) > Soil Salinization. The causes 
Те accelerate the processes аге also the same. 
LN add exhaustive review of the conditions in west 
а , however, Adu (1982) states point of views 
> at there had been the evidences of climatic change 
nd the desert was encroaching from south to north, 


In all instances, the evidence of progressive desic- 
Sahara on the Sudan 


Cation and encroachment of the 
pointed to the failing wells, shrinking rivers and 
nds, 


lakes, river beds being chocked by drifting 5а 
saline, crop failures 


waters becoming increasingly 

and southward migration of agricultural communities. 

It was however also realised that desiccation in 
of climatic or 


the area was not wholly because 
а lesser extent also due 


natural factors but to 
to incalculable harm brought by shifting cultivation 
in fragile ecosystem, f crop rotation or 
manuring. Thus, the causes recogni D 
auent droughts ii) improper јапа use practices, 
iii) Bush fires and lack of forest managements. 
While discussing desertification in India particularly 
the past and future of Thar- desert, Mann(1982) 
attributes the escalation of desertification in s ( 
region to the causes a) climatic deterioration b) 
TO UE of human and livestock population result= 
Bee se over grazing and cultivating marginal lands, 
He зао erosion, particularly | wind erosion. 
of Ми re emphasised that detrimental activities 
marginal DU a still continuing and cropping on 
decades RU AD ao during the past two 
io ME Ed, 54% and as a result area of pas- 
Tol ан Te uis Dhabariya (1985) has brought 
criminate deforestation activities 
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and degradation in the Aravali ranges. As a conse- 
quence of such a biotic interference of over grazing 
and felling of trees in forest lands, about 4.35% of 
the western Rajasthan has already been severely af- 
fected; 72% of the desert has been categorized as 
highly vulnerable and 19% moderately vulnerable to 
various deterioration factors (Mann 1982). 


Thus, it can be summarized that the major 


mate change to- 
or frequent occurances of droghts 


dry land Cropping in marginal lands, again 
destabilising Soils, 


c particularly during droughts. 
iv) deforestation and mismanagement of forest lands 
etc. 


The processes of Soil 
are i) water erosion, ii) wing erosion, iii) soil 


salinization iv) soil compaction and crusting ОГ 
soil physical degradation. 


degradation involved 


asurements. Assess- 
ification requires 8 
team of specialists of 
ation, Soils, hydrology; 
MEE ac So forth. In many 

a 5 ne 
but by Many causes Sinis ES E bond gs 
one factor ang intensified by others Ur lysis of 
ecological Situation acting ЕНЕ will 


MUS ud basis 115 causes, processes 

С t in each climatic or 

тоат zone Ог region; and it will facilitate 

O monitor it further, As a first step, two major 
> ЕД 


7 — en A 
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kinds or process of desertification should be rec- 


ognized. i) Natural, ii) Man induced. 
TA A bes E es desertification processes 
(тейле) ш [еу e either climatic or geological 
plifting of land, descending ground. waters, 
accumulation of salts in basins with по outflow 
etc. However, in case of man induced desertification, 
which is of our concern, causes may be varied 
like cutting of forests and shrubs, overgrazing of 
Pastures, inappropriate seasonal use of pastures, 
Ploughing of soils unsuitable for agriculture, use 
of ecologically inappropriate technology in agri- 
culture, use of ground waters without recharge, 
change іт hydrology of а territory, irrational 
use of water resources etc. These causes and their 
areas are first to be recognised and analysed in 
a given region. At second step, the quantitative 
determination of two inter-connected parameters 
may be taken as the basis for the diagnosis of 
desertification process 1) Degree of aridization of 
vegetation. 2) degree of aridization of soil. Further, 
like any dynamic natural process, desertification may 
then be established and assessed by comparative 
analysis. Two substantially different methods may be 
used i) comaparison of the state of territory at dif- 
ferent times or periodic intervals. This will 


help to establish | presence of  desertification 
degree and rate of the 


in the region as well as 

process. (2) Comparison of the state of two 

different territories іп the same climatic region 
the same time. 


and ecological and soil zone at 1 е 
In this method, comparative geographical analysis 


based on hypothesis of correspondence or similarity 


of geographical sequence of phenomenon is used. 
However, in this case fact of desertification may 


only be established and the degree of its paca 
festation in some relative units may be determined. 
Its rate, however, сап not be determined. 


о 
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V SOIL DEGRADATION MAPPING APPROACH TO 
DESERTIFICATION 


Desertification is a form of degradation itself 
and the same processes are involved in soil degra- 
dation and desertification. However, in the latter, 
additional emphasis is given to vegetation cover, 
its degradation and to grazing animals. At many 
places, soil degradation and vegetative degradation 
are contributary factors to each other. Vegetational 
aspect in desertification, nevertheless, will be 
dealt by plant ecologist Separately. Here, we will 
consider and confine to Soil degradation only, and 


its mapping with soil Maps, as proposed by FAO, 
UNEP, UNESCO (FAO 1979) 


Soil degradation 


is a process Which lowers 
the current and/or the potential Capability of soil 
to produce goods or services, (FAO, 1979). Soil 


degradation Processes are Phenomenon that cause 
a decrease 


Soils to produce crops 
or plants. The Processes recognised are i) Water 
erosion ii) wind erosion iii) Excess of salt accumu- 
lation of 


Salinization iv) chemi toh- 
leaching of ical degradati 


j Up of element toxicity 
v) physical degradation- build up of adverse physi- 
cal properties, Porosity, permeability, 
instability, crusting etc. 
vi) biological degradation- increase in bee m 
known for sure to 
Productivity. Lack of 


loss of it very difficult 
to asses actual rate of Soil degradation; and even 
to study the combined effect of more than one 
processes. Their mapping in this Context, becomes 
still a difficult task. The methodology proposed 
by FAO, therefore, i 


' sf: + 
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hus di principal on which it is based is that 
паты is attacked by forces of climate, and 
E! ons as to and quantified as aggresivity от 
Eae es u ar climate. The и soil/land (ecosystem) 
No bel arying degree of resistance to these forces. 
pen ance between these two determines the 
ы il degradation'. Human action can either 
PME or decrease the natural resistance of the.soil/ 
E о degradation forces, so that the present "rate 
A балаа 15 determined by the way the pre- 
eu and use _modifies the ‘balance. Тһе present 

e of soil with respect to each process is known 


through soil surveys. 


'risk 
in-- 


METHODOLOGY TO GUHIYA 


VI APPLICATION OF FAO 
OF UPPER LUNI BASIN:- 


CATCHMENT - A PART 
ion of the area:- 


nt lies within 1522 
апа 749-15'E. 


а) General informat 
Guhiya, catchme 59-45' and 
It covers 


26°-10'N and Lon. 72°55) 


total area of 3051 Km“. Annual average rainfall 
is 396 mm while annual potential evaporation is 
temperatures 


minimum 
ос and during winter 
Monthly average 
.30 m per second, 


1699 mm. Mean maximum and | 
during summer are 41°C and 27 
аге 24°C апа 6°C respectively. 
wind speed varies from 1.22 m to 4 
Maximum being during May and June. Data on physi- 
cal factors like, landform, topography, soils,  veg- 


etation, hydrology; land-use etc. was available in a 
Integrated Survey Report 


Comprehensive report 97 › 
of the catchment (CAZRI 1 32). Twenty one soil series 
were distinguished in the area and soils were map- 
ред in 29 soil mapping units. Standard soil survey 
methods (IARI 1971) were adopted in this integrated 


Survey е 


b) Interpretations for soil degradation mapping 
e of climatic data 


As first step, use was mad 
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and formulae proposed in the method to find out SR 
matic aggresivity; under each degradation piri 
The formulae used, the resultant values of re 
aggresivity and their ratings is given in table 1. 


1 А оп 
Table 1 Climatic indices used for various soil ccna ч 
Processes, estimated values of climatic aggresivity 

to soil degradation. 


Soil degradation Climate 


Climatic Rating of 
Process index Aggresivity aggresivity 
to degra- 
ation 
X P 


2. Wind erosion 12! үз X PET-Pxn — 52t/ha/yr High 
У 100 рет 


5. Soil Salinization РЕТ 0.28 mm nos/yr High 
рх10 


4. Physical degrad- ly ; 0.10 increase Moderate 
ation 100 


P in A.D.g/cm. /уг 
5. Chenical degra- P-PET -0.65 pH Not operetive 
dation 2000 units/yr 
6. Biological дедга- HI 342 humus Very high 
dation“ 


10 decay/yr 


The data indicates that climatic aggresivity 
in biological degradation is "very high"; in wind 
erosion and salinization, it is 'high', in water 


erosion and physica] degradation "Moderate" whereas; 
chemical degradati i 


At second step, to find out the ‘risk! of 
Soil degradation in each of the soil unit mapped; 
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ап 
ы. аш degradation processes, the values 
ah A in ical factor and approprite soil factors 
in mof te Epis in the value of climatic aggresivity. 
considered ctor, white soil texture of profile was 
НЕ m. all the processes, other soil сћагас- 
an a ike soil erodibility, soil structure, drain- 
а +: gnostic horizons, silt/caly ratios, СаСОз con- 
Bul mc. were also taken into account of evaluating 
ema 2 Value of topographical factor is depend- 
an slope of the land. The parametric values 
ово us factors are already given in the 
multip li ogy. Thus, the value of climatic aggresivity, 
Ea ЕЕЕ ру values of topographical as well 
TRGNI actor would give the 'risk' of degradation 
Th each process on each of the soil unit mapped. 
ose values, when checked against сатадогу ratings, 


238 че classes as ‘very high', 'high', 'moderate' 
nd 'none' risks. Thus, the resultant is the map 
There 


RING of Soil degradation'. 
now only. 13 units. 

en Further to arrive at the 
the degradation, values attribute 
er ым меге introduced Бу multiplic 
risk" each unitwise under 
age _ land-use is forest, the kind of forest, 
density in the unit etc, were considered. Simi- 
larly, if the unit is a crop land, whether irrigated 
on under arable farming etc. was seen and appro- 
priate values assigned. AS а result "Rate of soil 
degradation map" was prepared. 4 
The "present state of soil 
Th is primarily based on 
ere are the units indicating wel 
and there are other areas which are moderate to 


very highly eroded through forces of water, while 
There are large areas, 


still other eroded by wind. 

affected by salinization while others are having 
very dense and compact soils, indicating physical 
degradation. Large areas are biologically highly 
degraded with very poor numas content and therefore 


highly responsive to ™ 


"present rate" of 
d to various land 
ation to the value 
each process. If 


degradation 
actual surveys. 


] conserved soils, 


anuring. 
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Table 2, indicates BU өг 4 
x in Guhiya catchment under vari 
Е агра. Soil degradation under different pog 
Thus, a data base on soil degradation aspect ea 
be made. This data further can be integra 7 
with data апа observations of other specialis 
like plant ecology, hydrology, social sciences 
with village data, and thus can be converted into 
а desertification data. Periodic monitoring! in more 
vulnerable areas of high risks can also be made: 


Besides this, such maps can also be useful 


to take timely and appropriate measures in priority 
areas to check further soil degradation or to cambat 
desertification and to conserve soil quality and 
i for the future generations. 
Said that although deserti- 
ersified and far reaching 
Physical, biological and environmental degradation 
in a region, the Soil,which forms a basic media 
for any plant growth, its study and monitoring 
with respect to its quality and the degradation,’ 


forms the very firm basis for the study and moni- 
toring of desertification. 


In Conclusion, it can be 
fication is a Very div 


degradation under different pro- 
cesses, 
Soil Risks of soil Rate of soil Present state of soil 
degradation de radation de radation degradation 
Process None Mode- High Very None IS High Very None Mode- high very 
to rate high to rate high to rate high 
sli- sli- sli- 
ght ght ght 
Water 
erosion p Па chs У сети M SE Ж МО 
Мала 
erosion - 74 26 - - 28 45 27 22166 14 7 e 
Salin- 
ization BLITZ MUTO MEOS 52. 10. 10. 56 22. 12 10 
Physical 
degradation 41 59  . ова ~ 51389. 128. 305 Ж 
Biological 
Megredation - _ ә o 29.54. 17 =" «46. ЗА ~ 
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DESERTIFICATION IN WESTERN RAJASTHAN 


S.K. Saxena 


I. INTRODUCTION 

tal е depletion of vegetal resource 
Du Edi e of various ecosystems in western 
créasin n can closely be correlated with the in- 
ECT ревија RUM n of men and animals. A 
ee of both will provide a vivid picture and 
ү ресе which lead in the reduction of land 
i и mcr Undue biotic pressure manifest itself 

orm of desertification. 


s апа grad- 


II POPULATION STRUCTURE 
НЕМ (a) Total human population of western Raja- 
(1981' constituting eleven districts, 15 13.4 million 
Whol census). The average population density of 
Без e Rajasthan is 100 persons/sq. km. while western 

jasthan showed 87.7 persons/sq.km. Jaisalmer 


di i : 
istrict with its vast area (38401 sq.km) recorded 
reas Jhunjhunu 


1 

ыс density (6 persons/sq.km) whe 

uched fairly high population density (201 person/ 
ell known for its high 


RR. Indian desert is У 1 
eee density in the world. Other deserts 
Су the world show as low as 4 persons/sq.km. 
Ба past thirty years (1951) the population of 
ome en has become more than double. Rajasthan 
PES register higher growth rate (32.38 per cent) 
CBE EA overall National 24.75 per 
PW The western districts gistered an 
paced growth which may be er birth 

e and decline in death rate. 


growth of 
have ге 
due to high 


160 ues cd 


(b) Like growing human population the ia 
stock population has increased from 10 ишен an 
1951 to 19 million in 1977. On ап average ined 
ha/Head of grazing area is available in Jaisa sd 
district which is highest while Pali regis 
0.03 ha/head of available grazing area. High ani 
population put severe grazing pressure in the ec. 
able grassland/grazing areas, causing their ех 
degradation. Not only this other fallow land, Pn 
tected areas and cultivated land etc. become ro- 
grazing target for the animáls. In. case of Es ot 
tracted droughts or famines, the non-availability e 
grazing material make the situation quite aco 
Even the nonpalatable material is removed тош 
the ground leaving them as bare patches. The pere 
centage distribution of livestock in arid areas 8 
Rajasthan has shown 65.65 goat and sheep, 29: 
Cattle, 3.8% camel and 0.6 per cent others. ct 

The population explosion in the desert tra 


d 
has - compelled its inhabitants to bring more тара 
under plough. This has resulted in the shrink 
in the ћестаг 


аде .of marginal lands like grace 
land and wastelands etc. (Mann et al. 1977). vog 
is the. main source of energy in the rural ncs 
Thus with increasing Population the demand ise 
fuel wood also increases. This had led to шуга 
exploitation of available vegetation. Besides s 
the destruction "ОҒ wood increases many fold wo 

many cottage industries like dying and. prin 
industries consume local wood. Continuous flow ing 
feed the requirement of these industries, bf! 

about fast depletion of fuel wood resources. It 


is a very old industry: пе 
n value in urban areas. оо 
Poor people and tribe men convert the forest У 
Good fore 


St trees like Anogeissus hore 
Acacia Sene 


dula (Dhau) 


Я : gal (Kumat) Prosopis joris ave 
(Vilayati_ babool), Acacia nilotica (Babool) etc. Thus 
become the main target for charcoal making. 
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all the unprotected hilly region containing these 
species have now completely degraded. Only pro- 
таве hills witness these trees. The greed of people | 
БУЫ! сотре11еа them to extricate even the root 
p en of these species and convert .into charcoal. 
E ікапег district the extraction of phog (Calligo- 
um polygonoides) roots is invariably carried out 
by its inhabitants. Bikaner township has continuous 
Supply of phog roots. Root digging lead to loosening 
of sandy soil or rocky fragments. Thus accelerate 
the wind and water erosion ,hazard. In desert area 
the fuelwood demand is ever increasing and the 
over exploitation of vegetation is inescapable. This 
Process lead to desertification. 


ПТ MECHANISM OF DESERTIFICATION 


Desertification may be defined as packages 
of processes which bring about changes in the eco- 


systems of arid and semi-arid zones causing re- 
alteration in the density 


duction in productivity, 
of lifeforms, reduction in biomass, acceleration 
hazards. Excessive 


in soil degradation and other’ 

and  inproper  landuse during protracted droughts 

accelerate the process of desertification. Thus this 
es, eda- 


phenomenon involves an interplay of climat 
phic and biotic factors. Recently the ecologist 
and  environmentologist have warned the planners 
and politicians that excessive desertification process 
is in progress in arid and semi-arid parts of the 
country. Thus the problem has acquired а national 
Significance. U.N. in one of its statistics have 
also assessed that 50-70 thousand sq.km. of fertile 
land become unsuitable for utilisation due to deser- 


tification impact. | 

According to Карр 1974, the following аге 
the common mechanism of desertification. 
n 1. Expansion and intensification _ of Et 
in marginal lands during wet years. These ac ion 
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; 5 ultivation 
include excessive grazing, ploughing and ES settles 
of new land and wood collection around n 
ment", year 

2. Wind erosion during the next hug aif 
or water erosion during the next maxi 
storm." 

Arid ecosystems are 


Р па 
known as fragile а 
thése may easily be m 


'5 
аде imbalance due to he. 
interference, Gradual ecological changes an occis 
arid tract brings about an alteration of тена 
matic status of the land. This degradation SU 
in the desert area repeats itself at rer the 
All such innumerable Sites when feed WE. 
process collectively- the impact of desertifi 


Process is highly evident, 


IV CAUSES OF DESERTIFICATION E 
ows: 
The causes of desertification are as foll аге 
Factors, problems and causes of desertification 
summerizeqd here 


1. Vegetational degradation 


(A) EXCESSIVE Woop CUTTING AND GATHERINS. 
Over exploitation of fuelwood Species causes x 
land degradation, The vegetation cover which Pigs 
tects the soil against wing and water erosion 


es 
gradually lost, Every year large hectarege of for 
is indiscriminat 


or 

ely exploited for fuel purpose 

шеў карей cleared Тог Cultivation purpose., ced 

vegetation соуег is reduced, it May well be rep) UM 

by almost bare ground ог with undesirable Pd 

Species. here gradual reduction cof top soil 0С in 
by wind 8nd water erosion 


- Finally it results 
desertifieq land. 
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iB e GRAZING:- In this case the compact- 
um " soil takes. place near water holes, wells 
ы ong ће animal pathways. Higher number of 
d roses animals exert more pressure on palatable 
a ses and forage species. Overgrazing effect be- 

mes more pronounced. Sandy soils are exposed to 


B moving winds causing deflation of sand. Such 
ia provide lower infiltration capacity and increased 
urface runoff and poor percolation capacity. Bare 


ground provide higher albido. All these factors 


enhance desertification. 


Every year more and more 


( 
land, due to inccreased population pressure, es- 
ERI the marginal lands are put to cultivation. 
ey greatly enhance the prospect of wind and 
Water erosion during summer months and in monsoon 
Period. During good rainfall year more land is 
ploughed for grain cultivation. All these -enhance 
the Prospects of wind erosion during summer months. 


Increased population pressure of desert inhabitants 
every year. Here 


C) UNWISE LANDUSE:- 


result in more tilled acreage 

Marginal lands like common grazing land, grassland, 

Sand dunes and gravelly pediment etc. with negli- 
ltimately 


gible soil cover are cultivated. Their use u 
The conditions beccome 


leads to desertification. 

More pronounced when such lands are used below 
200 mm. rainfall area. Their cultivation quickly 
brings about ecological imbalance. The desertification 
effects are reflected iR fast . sand movement. This 
Covers the road and adjoining fertile fields. For- 
mation of new Barchan dunes also takes place. 


, 


(Hj DEVELOPMENTAL. ACTIVELY: МАЛУ developed 
Vegetation sites are destroyed for the construction 
9f factory, . road, industrial development, mineral 


minin ion of settlements and irrigation 
g, constructi ine whole site gets 


faciliti 

ies. In all such cases е 
transformed either rapidly ОГ gradually depending 
Upon the requirement. Mineral mining activity leaves 
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permanent scars of  desertification which cannot 
be removed or rectified in long span of time. 


(E) SALINITY AND ALKALINITY BUILD UP:- These 
are the two abuses of irrigated agriculture. Sali- 
nization may occur when soils are irrigated with 
saline water or too little irrigation is provided 
to heavy soils causing salinity. Sometime natuarally 
occurring saline soils are irrigated which result 
in enhanced salinization. 

Canal seepage and over irrigation with poor 
drainage may cause water logging in nearby soils. 
With the rise in water table the salts accumulate 
on soil surface. On evaporation of water these salts 
are left behind as precipitation. In Indian Desert, 
the temporary accumulation of river ghaggar water 
in many interdunal areas has caused desertification 
to adjoining sandy plains. In the interdune the 
Sub-surface deposit ог gypsum got dissolved БУ 
downward movement of water. Subsequently the 
dissolved layer of gypsum allowed lateral flow 
of water which later surfaced out in sandy soils 
converting them into marshy land. (Baropal, Dabli- 
kalan and Manakheri). In course of two years 


the whole marshy land was occupied by marshy 
plants like Typa angustata and Arundo donax. 


2. Climatic factors 
Low and erratic 


recipi : g summer 
temperature (409-479C), on ын Ы 25%), 
Intense evapotranspiration апа poor soil profile 
moisture status are the m i 

in arid areas. Above Conditions permit only a sparse 
vegetation cover. The Sandy soils with 80-90 per 
cent coarse sands almost lack binding capacitY 
without vegetation cover. The sand starts drifting 
with slight increase in wing Speed (9-14: m/s): 
The sand storms emanate from man induced vegeta- 
tional destruction and climatic aridity. Protracte 
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drou i i 
oe with heavy animal pressure on vegetal 
5 accentuate the desertification process. 


3. Anthropogenic factors 


Sag oe nee desert, as explained earlier, over 
Ер m че: livestock population, felling of 
ae 5 rubs or fuel purpose, mechnical destruc- 
CAM Pb аи in course of major/minor mining 
bec j construction of dam, road and settlements 

. are the multifacet effects of vegetational degra- 


dati i 

LE But overgrazing and removal of trees and 

Vica are the two major factors causing deser- 
ion. The entire micro-climate of a vegetated 


dod gets modified due to change in species compo- 
ОКСА , dominance, population and biomass production. 
Rue mede А is destroyed, the soil cover 
АРД Г susceptible to wind and water erosion haz- 
The F isintegration of sandy soils is very quick. 

ertile top soils move away from the field. 


V 
STAGES AND INDICATORS OF DESERTIFICATION 


process can be grouped into 
desertification features are 
intensity ranges 
this level the 
whereas under 


two boues 
tages: (1) When 
DCN and their manifestation 
v iban moderate to nominal. At 

ole process is still reversible 


e + _ r 
xtreme deterioration the process becomes irre- 
above aspect some indicators 


gcns Viewing the 

e needed to assess the vulnerability of the eco- 
System to desertification. The indicator's may help 
in monitoring the actual status of desertification 
and subsequently allow to prepare plan to do away 
the desertification process: he indicators may 
also be grouped into (1) Physical; (2) Biological 


and (3) Social. All these groups of indicators are 
single indicator cannot 


to be viewed together aS one UM 
provide a true picture. Few important indicators 
are as under:- у 
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(1) Physical indicators: 


(a) Degree of salinity and alkalinity 

(b) Groundwater depth and its quality 

(c) Depth of rootzone of vegetation 

(d) Availability of soil crust 

(e) Organic matter contents of soils 

(f) Changes in water flow and sediment runoff 
(g) Water/wind erosion effected area. 


(2) Biological indicator 


They аге Supposed to bethe chief indicator 
of ecosystem. 


A. PLANTS 


(a) Type and lifeform 
Structure, Population. 

(b) Type of canopy i.e. 
Shrub etc, 

(c) Type of ground 
and weed of 
nature, 

) Status of plant communities. 

е) Biomass Production of various storey 


i.e. distribution; 
trees, shrub, under- 


vegetation i.e. grasses 
Palatable or unpalatable 


B. ANIMALS 


(a) Major s 
(b) Their/c 
(с) Breedin 


pecies-natural and domesticated 
omposition and population 
9 aspects 


(2) Social indicator 

The social ignifi impact 
and these are to pe Heber te Priel payee ideserg 
tification together with physical and  biologic? 
indicators. Important ones are: · 

(a) Population 

(b) Settlement 


activities 


Structure and number. 
structure of population 
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(c) Landuse pattern 
(d) Regional planning and management 


VI VEGETATION IN DESERT ECOSYSTEMS 


и The following account of vegetation types 
With their actual potential and degraded conditions 
аге; projected here. Reduction of higher plant commu- 
nities to lower status speak itself that desertifi- 
Cation process prevails. Extreme degradation lead 
to bare ground. Scars of wind and .water erosionn 
Shall continue to pronounce. 


1. Forest 


Saxena (1977) has described six formation in 
Western Rajasthan out of which "Xeromorphic Thorn 
Forest" occur on the hills. Most of high hills scat- 
tered in western Rajasthan are protected by forest 
department. Isolated medium to low hills scattered 
ih various districts are badly exposed to biotic 
interference. Protected hills mostly support Acacia 
Senegal or Anogeissus pendula-A. senegal as the domi- 
nating plant community. Unprotected hilly areas 
аге met with degraded plant communities. Неге 
all the tree species of fuel and timber value are 
removed leaving the boulders exposed. They are 
left to vagaries of water/wind erosion hazards. 
On most of the hills cushion shaped or deformed 
bushy Structures of Anogeissus pendula, А. senegal 
and others could easily to seen. These bushyforms 
Subsequently serve as а good source of top feed 
to goat and sheep. In a twenty years protected 
„hilly site with 72 plants/ha produced 4.8t/ha of 
fuel wood. They provided 45.9% crown cover. 
Similar sites with degraded conditions exhibited 
5.1% crown cover. The estimated ground vegetation 
biomass .of above ground parts was 0.20 t/ha. Here 
all species represented nonpalatable material. 
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2. Woodlands 


Shekhawati region, constituting three distri 
(Churu, Jhunjhunu and Nagaur) support P. cinerari 
woodlands. Here the tree density ranges between 
60-120 plants/ha. They hold 25-40% crown cover 
during September-October. These woodland produce 
23.1 t.- 46.2 t/ha of fuelwood and timber. А 
these аге well Protected on- individual farmer's 
field. The unprotected lands with Prosopis are gen- 
erally reduced to cushion shaped structure, i.e. 
Common grazing area/village grazing lands and waste- 
lands etc. Here only 2.5% crown cover exists with 
3.0t/ha of above ground biomass. Sandy undulating 
plains support Tecomella undulata-p . cineraria wood- 
land with 22-40 plants/ha occupying 8-10% crown, 
cover «and. 3-8 t/ha of above ground biomass. The 
degraded Conditions are represented by Leptadenia 
Pyrotechnica, Aerva Pseudotomentosa and Crotalaria 


burhia. These species produce 0.8 t/ha of above 
ground biomass, Highly degraded conditions аге 
represented by inferior grass Species like Cenchrus а 
biflorus апа Aristida funiulata. Soil erosion ћагаг 
PUE common when the entire land 15 almost 
are. к 


"The riverine thorn 


iver 
A forest" along the rive 
Luni and its Я 


, 9nd its tributories Support a woodland of 
Acacia nilotica ang p Cineraria community. А cel 
Sity оба 52 pts 


== 
г very much restricted to common One 
ing lands only, Desmostachya bipinnata and C.bi- 
florus represent 


5 d 
us a highly depauperated grasslan 
: condition of such Soils. 


3. Shrub lands 


Majority of Shrublands in arid areas are 
the product of biotic 


à itats 
} Interference. Various napi 
like eroded rocky Surfaces, gravelly plains, piece 
and pediment plains of Sandstone, limestone, granite» 
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and slate etc. are scattered in low rainfall area. 
These plains’ serve as uplands to the adjoining 
flat plains. Here the soil cover is shallow and 
are subject to water erosion. Here vegetation is 
comparatively poor and open, constituting "SCRUB 
Desert" mostly of thorny species. All these habitats 
invariably serve as the grazing ground. Here shrub 
density vary from 5-25 pts/ha, producing 0.3-0.5 
t/ha of above ground biomass. Most common contrib- 
uting shrubs are Capparis decidua, Leptadenia pyro- 
technica, Zizyphus nummularia. Calotropis procera 
and Acacia jacquemontii., etc. Majority of stabilized 
Sand dunes are met with Calligonum polygonoides, 
Clerodendrum phlomoides, А. jacquemontii, С. procera 
and Aerva pseudotomentosa. Here the plant density 
vary from 7-210 pts/ha but over all biomass pro- 
duction hardly exceeds 0.5 t/ha of above ground 
biomass. The above ecosystems are quite fragile 
and vulnerable to degradation. They are badly 
exploited leaving the ground bare and few may 
be encountered ‘as completely desertized. Majority 
of them are supporting the ground vegetation only 
with poor above ground biomass production (0.01- 
0.1 t/ha). Bare sand dunes and sandy undulating 
Plains becomes the main Source of moving sand 
which obstructs roads, spoil fertile land and form 


barchan sand dunes. 


4. Grasslands 


In W. Rajasthan, Gupta and Saxena (1972) 
have recognised seven grassland types. Lasiurus-Cen- 
Chrus and Dichanthium are the grasslands of alluvial 
Plains, Almost all are the victim of over-exploi- 
tation. Continuous overgrazing in grasslands result 
in complete ,removal of palatable material. The 
degraded vegetative cover consists of less palatable 
or non-palatable species dominance like oropetium- 
thomeaum, Aristida adscensionis, A. funiculata, Cen- 
chrus biflorus and Eragrostis poaoides etc. These 
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Species produce low biomass production and AER 
animals also losses the body weight. Under "i ү. 
Cconditions the bare Soils are exposed. Con P 25 
trempling of grazing material by the hoov oes 
livestock proves quite damaging. Tender sp 54 
and rough species PRU 
which are mostly unpalatable. Continuous. TOYO 
of animals in a grassland impaired the p 
rate of soils and this results in increased rire 
It has been estimated that overgrazed grasslan 

provide maximum runoff (27.0 


je eisemarayan, 1972) 
Potential grasslands of Cenchrus produce 3.4 d 
t/ha of above ground biomass with 8.7% groun 
cover and same grasslands under severe агасы 
i stress showed 1.5% ground cover and 0.95 t/h 


of above ground biomass. Dichanthium grasslands Mi 
der protected condition exhibited 3.7 t/ha of abov 
ground biomass 


Sround cover. Overexploi- 
ted grassland with non- 


d 
Palatable species produce 
; aboveground biomass. 
ting plains Lasiurus gra 


Save 2.4 t/ha of forag 


On sandy undis 
Sslands with protecti 


9 With 6.0% ground gov 
and оп deterioration 0.67 t/ha of above госта 
biomass was Produced by Crotalaria  burhia, Аегу 
Pseudotomentosa 


and Aristida SP. etc. having 1.7% 
cover, Developed 


s 
grasslannds on saline рае 
аге dominated by Sp Showing 1.64 t/ha р 
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ANIMAL HUMAN 
RELAT 
IN ARID ZONE IONSHIP AND DESERTIFICATION 


L.P. Bharara 


I. INTRODUCTION 


Livestock rearing is the predominant сһагас- 


е a the population inhabiting dry areas of 
shi orld. Associated with it, animal-human relation- 
си A and its role in desertification is important 
éd greater or lessen extent in most of the arid 
RNG Ен regions of the Indian sub-continent. 
ed al-human interactions, inter relations, conditions 
ed consequences form the components of desertifi- 
FERRE processes in the area. Man-livestock inter- 
RAN includes livestock population, composition, 
of x: and extent of ownership, increasing tendency 
sidi opting livestock rearing as the main or. sub- 
RM RD occupation by the non-livestock rearing Ca-. 
ae and _ traditional animal husbandry practices 
3 constraints in adopting improved animal husband- 
he practices and constraints in adopting improved 
nimal husbandry practices. Pasture-livestock relation- 


Ship reveals livestock pressure, the nature, extent 
shortage of grasses/ 


and quality of grazing grounds, 

Shrubs: in the lands and steps followed to cope 

up with these, ways to improve upon the quality 
them and ade- 


Of grazing grounds, rights of using 
k demand. Livestock in 


Qquacy to meet the livestoc 

relation to ecological adjustment revealds livestock 

migration - its nature and, extent, routes followed, 
e of migrating herds, advan- 


reasons of migration, tyP 

tages and difficulties during migration, livestock 
mortality relationship of migratory — sedentary live- 
Stock raisers and villagers. Various other aspects 
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like social parameters of livestock migration, social 
Organisation of Pastoralists, and their human апа hen 
cial problems associated with their peculiar m 
Styles influence the process of desertification a 
its consequences. A Study от the above inter- 
actions, inter relations and conditions resulting in 
various socio-economic and biophysical consequences 
have produced more favourable conditions for deser- 
tification in the arid zone of Rajasthan. 


Livestock is an important asset of the arid 
zone of Rajasthan. Next to a 


households economy. With 


produced in the country 
The state accounts for 
the total national woo] 
the principal Suppl 


is produced in фан ацы 
more than 50 per cent d 
Production, and is one o 
lers of meat, eggs and milk to 
the adjoining states. It also provides sturdy draught 
animals to the Country. Since more than 60 per cent 
ОЁ the livestock of the state is concentrated in 


[ western Rajasthan, these regione 
Provide a major livestock production О 
» the use of ама lands for 


But these land 


road sense means deterio- 
> Vegetation and other natural 

resources under ecologica] Stress. Deterioration may 
be due to nat man activities with an objec- 
tive to maximize Short-term gain at the expense 
of long-term ИН MIN. Animal human activites 
in the Indian desert, has revealed that ecological 
deterioration and accentuation of des 
been occuring in the region in recent times due 
to the intense human ang livestock pressure. The 
increased pressure of livestock Qn the natural grazing 
lands resulted in eyen ee “exploitation of resources 
leading to depletion of natura Vegetation. n 
Desertification aS ап impact of animal йы 
relationship at Global level has been viewed fro 


е 
„extent, reasons, 
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ыт (Jeremy, 1973; Kassas, 1975; CAZRI, 
1977) bn 1977; UNCOD, 1977; Eckholm 8 Brown, 
S st Rd these have also correlated deserti- 
c eut wit the social, economic,  bio-physical 
E usi ironmental factors connected with land scape 
ned vegetational degradation, loss of livelihood, 
ea es turning into waste lands, decrease in crop 
uctivity, etc. Various other studies (Acharya 

et al., 1977; Bharara, 1978, 1980, 1982, 1986; Kalla 
Sa ae 1977; Malhotra, 1977; Mann, et. al. 1977; 
Е 9 , 1978; Spooner, 1973, 1982) shave dealt with 
parameters of livestock influencing desertification. 
the + particularly important area of neglect is 
PM ivestock population, ecology and behaviour 
d omesticated animals in relation to the vegetation 
on the one hand and the cultural strategies of herd- 
Ie and husbandry on the other. Therefore, socio- ` 
PUN cultural and environmental factors of live- 
ock in relation 10 desertification process are of 


great importance. With this in view the study focuses 
impact of (i) livestock 


оп Desertification as an 
Population, growth, type and composition (ii) live- 
produce disposal and practices 


Stock owership, 


(iii) livestock migration 
and difficulties 


and pastoralism; nature, 
during migration 
grazing grounds, its nature 
Based on these the main 
heses on the aspects 


(iv) livestock pressure, 

ana extent of adequacy; 

Fe 51092 support various hypot 
animal human relationship. 


П METHODOLOGY 

The study has been undertaken in the arid 
and semi-arid districts of Rajasthan. A multi-stage 
Stratified sampling des s followed. First, the 
universe had been strati ree tracts based 
9n the amount of average Г i d the mean arid- 
ity index. Rainfall influencing ar 
Variable inducing drought and 
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tne area. the tracts аетагсаїеа were 'А' АЕ 
ап average annual rainfall. of less than 12" (30.5 ст). 
having the mean aridity index 84 and consisting ot the 
districts of Jaisalmer, Barmer, Bikaner and d 
Jagar. The tract 'B' receiving an average rainfall o 
12" (30.5 cm) to 16" (40.6 cm) and having the 
mean aridity index 75 constituted the districts of 
Jodhpur, Nagaur, Churu and Jalore. The districts 
of Jhunjhunu, Pali, Sikar and Sirohi constituted tract 
Ec receiving the average annual rainfall of 16 


(40.6 cm) or more and having the mean aridity 
index 58 


Pty pastoral nomadism (305 cm 
Predominantly rainfed (30.5 cm - 40.6 cm 
rainfall), ana raifed with irrigation facilities (40.6 cm 
rainfall). These representative areas comprised of 
three districts, Jaisalmer represents rainfed with ir-. 
rigation facility, Thirdly, from each selected dis- 
trict representing а: different ecological tract, ^ 


villages Тог intensive empirical field investigations 
were selected, 


The selection of 
Sive Sampling was base 
of the area and its p 


Specific villages in a PUNES 
d on the researcher's ыы 
Toblems. In addition to bei 


А ү у г- 
nto consideration. The СПЕВ 
acteristics chosen were Predominant ^ communities: 


S e 
caste, occupational Predominance, size and tyP 
of village and a Major 


Land Resource Unit - a subg 
- Sistence resource base. The villages selected repran 
sented predominant communities . Hindu, Musli 


„апа a Sectarian group of Bishnoi; Castes comprising 
of Sindhi Muslims, Rajputs, Jat, Seervi, етс.; 5935 
ра опа1 predominance like livestock rearing, agri 
culture, agro-livestock апа 

Size - small, («i50 househ 
Large (250-300), and ver 


Y large (300 and above): 
and village's Major 


1 at 
Land Resource Unit like fl 
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alluvi i 
SP MT с dune-cum-interdunal plain,  alluvial 
оз нери rocky-cum-buried pediment. All these 
Whale mcr е being chiefly representative of the 
ELT influence directly or indirectly the 
ATI еа conditions of the eco-system. 
Were а households of the selected villages 
MG et У ied on the basis of caste and from each 
for nin about 10% of the households selected 
ERG Sive. interviewing by a method of simple 
MF ced Fieldwork consisted of participant 
СВЕТИ n, intensive interviews and a field schedule 
ЧС ор ораса as well as fixed response 
Tana en econdary data pertaining to population, 
Мане , livestock and livestock migration, etc. 
collected from various concerned departments 


fo 7 
r supplementing with the primary datā. 


II. MAJOR FINDINGS 
type Livestock population trend, growth, composition, 
and density were found to be the chief live- 
ocess 


st 
ock parameters influencing desertification pr 
of arid zone of ' Ra- 


i А 
Шри ecological regions 
an. Qf the hypotheses set up for testing the 


fo А 
llowing appear to have been substantiated. 


A. Hypotheses 

1. Livestock population exceeds human population 

2 in the Arid zone of Rajasthan. 

% Despite climatic vageries, there is an increase 

3 in livestock population. 

~ Differential ecologial pattern influencce growth 

4 of livestock population. 

3 Growth of livestock population is higher іп 
d to the rainfed 


al tract as compare 


ted agricultural tracts within the arid 


the pastor 

and irriga 

zone of Rajasthan. 
differentiation, 


Be Despite ecological growth of 
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12. 


13. 


14. 


15. 


16. 
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Р А Һе 
Sheep and goats together is highest of all t 
animals. 


$e us re- 
Extent of cattle and buffaloes is inversely 
lated with the aridity. Бе 
Оссиггепсе of droughts and famines affects t 

a Rd fI : k 

growth ànd composition of livestoc $ " 5t 
Sheep апа goats together constitue  highe 
proportion of total livestock. 


There is an increasing tendency of кеер 
large number of animals among the pastoralis zd 
Households Owning cows and buffaloes Ier 
with the decrease in aridity from the pastor 
to rainfed and to irrigated tracts. А Ero 
Households Owning Sheep and goats Сге йы 
with the increase in aridity and  decrea 
with the decrease in aridity. А ве 
Of the draught animals, bullocks, increas 
with the decrease in aridity while came 
decrease, n- 
Rearing of Sheep, goats and cattle is no 1059 
Sera monopoly of the traditional livestock re 

i Communities of arid 
Livestock are sol 
Purposes viz, dail 
Animallhusbandry ion; 
tional with regard to breeding, castrati 
treatment. of Sick animals, feeding, grazing 
Socio-relig 


2 Е пе 
1005 feelings апа deeply ingre" 
beliefs towards 


monly believed n 
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В. Livestock verses human population 


The hypothesis "livestock population exceeds 
human Population' seems to hold true in and within 
the arid zone of Rajasthan and Rajasthan state as 
а whole (Table 1): 


Table 1; Human verses livestock population 
Area Human Livestock Livestock/ per 
Population population capita 
No. Period No. Period (No.) 
Rajasthan State 34.10 (1981) 49.48 (1983) 1.45 
(million) (million) 
Rajasthan arid 13.40 (1981) 25.21 (1983) 1272 
z (million) (million) 


Within arid zones: 

Pastoral tract 6115 (1981) 54209 (1985) 8.86 

Rainfed tract 6692 (1981) 23154 (1985) 3.46 
(1981) 10572 (1983) 1.68 


Irrigated tract | 6295 


ея Livestock per capita was found to be higher 
B different ecological regions of arid zone of Ra- 
а Sthan as compared to the arid zone of Rajasthan 
we Rajasthan state as a whole. Livestock was found 
агуы; @8Sociated with the extent of rainfall and 
0501087 availability of grazing апа fallow lands, . 
innditional caste occupation and type of communities 
i8 abiting the arid zone of Rajasthan. With the 
inc cose in aridity, due to less rainfall, there is 
гар зе in livestock favouring animal husbandry 
ather than cultivation. According to 1983 census, 
p estock Per capita was found to be minimum in 
i Убили (0.98). followed by  Ganganagar (1.09), 
1 2^. (1.28), Pali (1.58), Jodhpur (1.61), Jalore 
:63), Churu (1.74) and Nagaur (1.86); and maximum 
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in Jaisalmer (6.76), followed by  Barmer _ (2.85) 
and Bikaner (2.45). The later category of districts 
had lesser rainfall and higher aridity index and 
more grazing and fallow lands, as compared te the 
former catagory. Thus considerable increase in live 
Stock population coupled with the human population 
revealed overstocked as well as iover-peopled arid 
areas of Rajasthan. р 

Growth rate of livestock and human population 
was highest within the tracts of arid zone of Rajas- 
than as compared to the arid zone of Rajasthan 
and Rajasthan state as a whole. Extent of increase 
in both the parameters is givenn below:- 


Table 2: Comparative mean annual growth rate of livestock and 
human population 


ee ЫМ (ы ee 0:5 o0 
Mean annual growth rate A 
Livestock population Human _ populatio 
$ Period $ Period 
———— ———— Ё" З 07 a ЕЕЕ 
Rajasthan state^ 1.94 


Area 


1956- 85 2.85 11901- 81' 
Rajasthan arid zone 5.02 1956-'83 3.63 1901- 81? 
Within arid zone: 
Pastoral tract 11,97 1961-'83) 4.75 1901- 81 
Rainfed tract 5.49 1961- 83 2.58 1901-'81) 
Irrigated tract 1.06 1956- 83) 5.61 (1901- 81) 


I ee eee 00... S 


Of human Population, livestock rearing is trag 
ditional functional specialisation of different caste? 
and communities of the region. Raika is the most 
predominant traditional livestock . rearing community: 
Gujjars, Rajputs, Jats, Mali and Seervi also. rear 
livestock in addition to cultivation. The Gujjer? 
are good at animal husbandry and graze ccattle: 
buffaloes and sheep. The Jats are the best farmers 
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EN Me ‘breeders. Various other traditionally 
E ur ene rearing communities like  Brahmins, 
fo Heat Suthars, Daroga, etc. had also taken 
петина Stock rearing as their subsidiary occupation. 
is p in livestock was chiefly due to increase 
e : isch population associated with predominance 
Duc P" ivestock; rearing communities; increasing 
E uve of keeping more livestock; traditionally 
sc ches stock rearing castes adopting animal husbandry 
M unii 10 occupation; social customs urging 
ices ion of wealth in the form of livestock viz. 
пе У rather than quality and substituting risks 
Crop failures with large number of' animals. А 
often руегәзөвкїпө and leading to overgrazing are 
highe eing the consequence of a demographic increase 
ped than the basic productive capacities of the 
demand: Thus, for the livestock raisers, the -region 
coc en both the maintenance of the habitat's · рго- 
TES vity and a population density that does not 
ie ара to the multiplication of livestock. 
mend in the area leads to nomadic pasto- 
Suse which is inherently self-destructive, since 
бесш, of management are based on the short term 
MIRA ive of keeping as many animals 4s possible 
Јана ut regard to the long term conservation of 
Stack: resources. The trend depicts steadily increasing 
Thus numbers on progressively deteriorating land. 
als not only the number of head of livestock but 
O that of human beings assumes significance. 
d Analysis of data on animal-human relationship 
eats People's responses have revealed the following ` 
es of increase in livestock:- 


Increased population of human have resulted 
in greater need for livestock as a means 
of eking out a living. 
Health. care programmes for animals have 
widely ahd effectively been introduced 
thereby reducing livestock mortality. 
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Periods of favourable weather have enabled 
herds to grow and multiply. 

Because the only way of saving for many 
pastoralists is through herd - their bank 
account - they tend to increase herd size. 
Emergency feeding programme during drought 
have contributed to the build up of animal 
number or at least prevented a decrease. 
Pastoralists make consistent efforts 1n 


building animal populations beyond the 
Capacity of natural resources, 


C. Livestock population trend and growth 
Considering growth of 


the hypotheses (i) 'despite frequent droughts and 
famines, there is considerable increase in livestock 
.Population', and (ii) 'differential ecological pattern 
influence growth of livestock population', hold true: 
According to livestock census of Ra- 
jasthan, livestock population in^the ecological re- 
gions of arid zone of Rajasthan паду. increas 
considerably during 1951-183 (табје“ · 3). 19% 
crease registered from 32.58 million in 1956 10 


49.48 million in 1983 giving a net increase of 52.340 
in state of Rajasthan. 


Whereas, in arid zone `0 
Rajasthan livestock had increased from 9.90 million 
In 1951 to 23.32 million in 1983 with a net increase 
of 135.565. Amongst various ecological regions, pas- 
toral tract revealed ап alarming situation for p 
planners as it had the highest livestock агой 
of 263.26% during 1961-'83. In the rainfed trac 
livestock population had increased by 121% during 
the period of 1961-'83. While in the irrigated trac 
livestock had increased Dy about 28% .during th 
period of 1956-83. 
Based on rainfall data and villagers' perceptio 
of the nature of year, the year like 1951, 52, 2d 
95, 57, 59, 1960, 62-63, 68269 1971. 721 WA, 1o d 
77, 1980-83 and 1984-86 were found to be seve 


livestock population; 
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droughts and famines ( 250 mm mean annual rainfall) 
occuring during various livestock. census periods re- 
ducing livestock population due to mortality and 
less production. Despite such recurring drought 
features of the arid zone of Rajasthan, the livestock 
had considerably increased by 35% during 1951-56; 
2.365 in 1956-61; 18.15% in 1961-66 and 22.6% in 
1977-83. The increase also seems to be associated 
with the occurrence of even one good year in a census 
period. The years like 1953, 1958, 1961, 1964, 
1967, 1970 and 1983 were found to be actual good 
years accelerating growth of livestock compensating 
the drought impacts. Whereas, cumulative effect 
of droughts and famines during 1956-61, 1966-72 
and onwards had hampered the growth, of livestock. 
Pastoral and rainfed tracts as compared to irrigated 
one had highest increase of 1125 and 52% during 
1961-66 and 1977-83 respectively. On the contrary 
livestock had decreased by 7% and 21% in the irri- 


geted tract during the period of 1972-77 and 1977- 
83 respectively, 


D. Type of livestock and growth 


According to recent 
'83), livestock Population h 
creased by about one. 


liVestock census (1977- 
ad. on an overall 2n 


fifths in the state of Rajasthan 
and more than that in its arid zone. Among various 


types of livestock, Sheep followed by goats, cattle: 
buffaloes and camels were the most predominant 
types of livestock in the area. Extent and growth 


of different population differed 


In Rajasthan and its arid zone: 
Sheep population had increased by 31-35%, Goats 
21-25%, Buffaloes 19-28%; Cattle 4-13% and camels 
0.1.65 during 1977-83. Tractwise growth of different 
types of livestock population revealed that in the 
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Table 4: Growth of different types of livestock population in 


Rajasthan, Arid Zone of Rajasthan and different ecological 
areas of arid zone of Rajasthan during the period of 


1977-'85. 
ER. 10 0 0- 1 ——_—_— 
Area.& Type of livestock 
Year: Cattle Buffaloes Sheep Gat Camels Others 
. C 0 0 S __ ————— чин 
Rajasthan 
1977 12.90 5.07 0.94 12.31 0.75 0.26 
1985 13.47 6.04 15.59 15.41 0.75 0.44 
Variation (2) + 4.42 +19.15 454.71 325.184 0.0 469.25 


Arid Zone of Rajasthan 


1977 4.05 1.38 6.68 6.16 0.65 0.15 
1985 4.56 1.76 8.76 7.45 0.64 0.16 
Variation (%) 415.15 42754 — 331.14 +20.94+1.59 425.10 
Ecological tracts 

Pastoral 

1577 5980 = 19697 14510 1475 529 
МЕ 7261 20 32348 12516 1287 777 
Variation (%) 482.4 добо +6442 =12.5 512-02 746.2 
yer? 1804 545 6107 6070 609 56 
1285 2995 994 9554. 48834. 790. 4 
Variation (%) олор Ea 56.10. 348, 00129:70 -89.50 
Irrigated 

iH 3895 1012 5831 2332 18 281 
52 3065 1196 3M0 2496 41 64 
Variation (%) 21.30  -18.20 _ 5.20 + 7.104127.80 - 77.20 


Note: Livestock population in Rajasthan and Arid Zone is in millions. 
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the pastoral tract cattle had increased to the maximum 
(82%) followed by sheep (634) during the period. 
In the rainfed tract there was a maximum increase 
in sheep (56%) followed by goats (46%), camels 
(305) and cattle (225) and goats (7%) while other 
types of livestock had decreased. Buffaloes which 


1977, had been introduced afterwards and had ing 
creased by 82% in the rainfed tract. 

Inter-tract variations ` concluded that amongst 
tracts, highest growth rate of predominant livestock 
Viz. Sheep, goats and cattle took place in the pasto- 
ral and rainfed tracts during 1977-'83. Increase 
in Sheep and goats irrespective of the tract is not 
only conducive to desertification but also makes 
the tracts more vulnerable. to desertification. it 
is also natural to expect а Positive degree of asso- 
€ population increase and an in- 


Vulnerability of the eco-system 
and thus accentuate the desertification process: 


Ex Composition of livestock 


Livestock composition reveals the nature and 


extent of different type of livestock's proportion 
to total livestock, Livestock composition and its 


change during 1977 to 1983 in. arid zone and within 
ecological regio i 


in Table 5 


Data revealed that of the total livestock of 
arid zone of Rajasthan 41983), sheep population 
constituted maximum (37.69) followed by goats (32%) 
Cattle (19.5%), buffaloes 0.52), camels (2.74) and 
опере. (0,75) и ^" There Was по significant increase 
or decrease in ‘its Composition during the perio 
of 1977-'83. But the composition differed in different 
ecological regions of -arid Zone of Rajasthan. TY RS 
of land, nature and extent of population inhabiting 
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the region and traditional caste occupational skill of 
livestock rearing were the main factors influencing num- 
ber and type of livestock апа its composition in a region. 3 

In a pastoral tract composition of livestock popu- 
lation ^ revealed predominance of sheep and goats 
together constituting more than fourfifths of total- 
livestock during 1977 and 1983. Cattle constituted 
about one tenths; camel and others less than four 
per cent while buffaloss were negligible. A signifi- 
cant change had been in the composition of cattle, 
sheep and goats. Саше and sheep had increased 
from 9.9% and 49.3% in 1977 to 13.5% and 59.7% re- 
Spectively in 1983. While goats and camels decreased 
from 35.8% and 3.7% in 1977 9 23.1% and 2.4% 
respectively in 1983. Тћеге was almost по 
change in buffaloes and other category of livestock 
in the Pastoral tract, е 
Rainfed tract hag also predominance of sheep 
oats 


and g together constituting 80% of total livestock 


* However а slight increas 
to increase in cultivation an 


ing. Introduction of tractors 
for Ploughing Purposes ag 


Ploughing and this 


tract also, sheep and goats 
Were predominant Comprising of more than 
half of total livestock. Cattle constituted more than 
one fourths and buffaloes more than one-tenths of 
total livestock in 1983, However, there was a decrease 
in cattle Composition, from 34% in 1977 to 29% in 
1983. Whereas increase occurred in buffaloes-from 
8.9% to 11.3%, in sheep 33.7% to 35.1%; and in goats 
20.5% to. 23.6% during the Period, | 

Comparison of livestock " composition (1983) 
in various tracts revealed that cattle constituted 
highest (29%) in the irrigated tract, Sheep ап 
goats together were maximum (83%) in the pastora 
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tract and minimum (55%) in the irrigated tract. 
Whereas camels constituted highest percentage ( 4%) 
in the rainfed and pastoral as compared to the ir- 
rigated one. 

It is thus concluded that higher the aridity 
Of the tract having more fallow and duny lands 
for grazing, higher the number of sheep and goats 
Conducive to more desertic conditions of the area. 
Оп the other hand, higher the irrigation facility 
and lesser aridity with more scops for cultivation 
allowing lesser grazing lands, higher the number 
Of cattle and buffaloes in the area and lesser sheep 
and goats. 


F. Livestock pressure. 


Increase in the livestock population has led 
to the overstocking of the permanent pastures and 
Other grazing lands in the area. The Raikas апа 
Sindhi Muslims-the traditional sheep and goat raisers, 
followed by Rajputs) and Jats who had taken up 
Sheep and goat rearing as a profitable occupation 
Pad further supported the fact of gradual shrinkage 
of Srazing lands for the animals. This has been 
revealed through high density or pressure of live- 
Stock in terms of adult cattle units per ha. of any 
type of land-use category (Table 6). 

Data revealed that in arid zone of Rajasthan, 
density of adult livestock units per 100 ha of per- 
Manent pastures, total grazing lands available, net 
агеа sown and total geographical area was found 
to be 1017, 95, 85 and 43 respectively during the 
year 1983. The livestock pressure in all the cases 
ad increased from minimum 13% to maximum 23% 

ing the period of 1977-83. Density of the livestock 
was quite high as compared to an optimum desirable 
Pressure of 20 adult cattle units per 100 ha of perma- 
Nent pastures and other grazing lands under these 
Conditions f 
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Table 6: Density of adult livestock units/100 ha of land use 
category in arid zone of Rajasthan and 
ecological regions. 


= l a 


Regionwise type Density of adult Increase in 

of land livestock units/ livestock 
100 ha of land density £ 
1977 1983 (1977-'83) 


19 Arid Zone of Rajasthan 
Total area 55 45 


22.86 
+ Permanent pastures & 884 1017 15.05 
other grazing lands 
+ Total grazing lands 79 95 20.25 
available 
* Net area sown 75 85 15.55 
II Pastoral tract 
+ Total area 30 40 25455 
* Permanent pastures апа 552 708 35.6 
other grazing lands 
Total grazing lands 37 50 35.14 
available 
+ Net area sown 152 206 35.55 
TELS Rainfed Tract 
- Total area 40 61 52.50 
Permanent Pastures and 894 1362 52.55 
other grezing lands 
· Total grazing lands” 125 191 52.80 
available 
+ Net area sown 58 89 53.45 
IV Irrigated tract 
. Total area 38 36 -5.26 
+ Permanent pastures ang 613 570 -7.01 
other grazing lands 
- Total grazing lands 77 72 -6.49 
available 
+ Net area sown 76 70 -7.89 
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Livestock pressure differed in various tracts 
due to different land use parameters sustaining varied 
livestock pressure. Of all the tracts, rainfed tract 
had highest livestock pressure (1977-83) of all 
types of livestock on various land use categories. 
The livestock pressure was highest (1362 adult live- 
Stock units per 100 ha) on permanent pastures and 
Other grazing lands of the rainfed tract whereas 
Pressure on net sown area was highest in the pastoral 
tract. The reasons of comparatively lower pressure 
9n "permanent pastures, оп total grazing lands 
and on total area of a pastoral tract, were the 
availability of large areas of pastures and barren 
апа uncultivable waste lands used for grazing. In 
the irrigated tract, livestock pressure was сотрага- 
tively less. It was 570 adult livestock units per 
100 ha of permanent pastures in 1983. Due to decrease. 
in livestock population of the irrigated tract, 
the pressure had decreased from ‘5% - 85 in all 
the land use categories during 1977-83. Whereas 
due to increase іп livestock population, pressure 
had increased from 33% to 36% in the pastoral tract; 
and more than half of in the rainfed tract during 
1977-'83. The reasons of increase. in density of 
livestock were found to be" shrinkage of grazing 
lands due to cultivation of more and more marginal 
and Sub-marginal lands, less fallowings, substitution 
of cattle with sheep and goats considered to be 
ће most hardy livestock capable of surviving even 
9n marginal and submarginal lands, etc. 

A positive degree of association persists be- 
tween the livestock population increase and an in- 
Crease in the intensity of depletion of grazing lands 
in the tracts. Тће constant inter-action of the popu- 
lation pressure with the given phyto-mass will lead 
to Vulnerability of the eco-system and thus accentuate 

€ desertification process. Thus to maintain a bal- 
anced eco-system, it is recommended to have an opti- 
Mum density of livestock for optimum judicious use 
9f the grazing resources. Limited density of livestock 
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will help in preventing deterioration of grazing lands 
thus maintaining its quality. 


6. Livestock ownership 


Livestock-raising households make a living from 
their animals by maintaining Sufficient number of ani- 
mals. Herd sizes are determined by ћитап manipula- 
tion under low technology conditions of subsistence 
pastoralism, due to uncontrolled environmental stresses 
or disasters. The keeping of large herds is closely 


ts during a particular dry period. 


f of animals must survive a  dis- 
aster in order that 


the herd is being re 
owning large herds is 
ing Socioeconomic Status of the desert dwellers 
and is strongly associated with caste and religion. 
The Rajputs, Jats, and  Raikas are the tradi- 
tional livestock rearing communities of the 
arid areas of Rajasthan, Recently, ^ non-live- 


Stock rearing communities like Brahmin, Swami, Sewaki 
castes serving to agriculturist Lohar, 

5 - r о 
Китћаг;  anq: other er a 


1 Castes Маһај к, Ма», 
Soni, Kumhar, etc. have taken p и rearing 
as their main or subsidiary Occupation. 

Raising cattle is the traditional occupation 
of the Rajputs and Jats in ап the tracts, raising 
Sheep and goats is traditionally associated with 
the Raika, community of the area. Rajputs and Jat? 
are also engaged in Sheep ang goat rearing chiefly 
in the pastoral'end rainfed tracts, The bullocks ап 


Dy a comparativel города 
д y lesser p 
ton of households. Goats, considered to be poor 


man's cows, are kept by larges house- 
t percentage of 
holds in the tracts A and uA 3 J 
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Livestock ownership data revealed that a house- 
hold on an average owned 43 heads of livestock 
in the area. The mean number of livestock per house- 
hold came to be 72,34 and 22 in the tracts A, B 
8nd C respectively. Tract and caste-wise differences 


in mean number of livestock per household are given 
below: 


Table 7 - Caste-wise mean number of livestock per household in 
different tracts 


Mean number of livestock per household 
Predominant traditional Pastoral Rain fed Irrigated Total 
caste group tract tract tract 
ean сат Biss 5 пем rep 0 
AGRICULTURAL 


(Rajput, Jat, Bishnoi, 
Rajpurohit, Seervi, Mali, 
Purohit, Charan) р 58 24 ји ? 


LIVESTOCK RAISERS 


(Sindhi Muslim, Raika, 
jer, Ganchi) — . 100 85 58 80 


SOCIO-RELI GIOUS 


‘Brahmin, Swami, Sadh, 
Re Фгде, @sai, 
ath, Sevak, Joshi) 7 7 13 ч 


CRAFTMEN 

(Lohar, Suthar, Meghwal, 

Китћаг, Reghar) 17 15 9 p 
OTHERS 

Render ing services to Village 


с AS " 
Ommunit ies (Nayak, Nai, Mahajan, 


Ei im. Daroga, Bavri, Загдага, 


atik, Dholi, etc.) 48 5 10 21 
Eure ER NVE у а а SA e Ж ЖИУ сут ш. AT or EE 
Total 72 34 22 43 


E EA U a EA НС а E ANN, 
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Mean number of livestock per household was highest 
in the pastoral tract. Muslims - the traditional live- 
stock breeders who were following a pastoralistic 
pattern of life owned highest mean number of live- 
stock. In the pastoral tract, Sindhi Muslims followed 
by agro-livestock rearing caste group were the most 
predominant communities owning the most livestock 
and by implications contributing most to deserti- 
fication. Of the other castes only the agro-livestock 
group had a large mean number of livestocck per 
household ranging from minimum 17 in tract C 10 
maximum 58-59 in tract A and B. The socio-religious 
castes had the least number of livestock since their 
traditional beliefs are against rearing sheep and 
goats. 

Of the various types of livestock owned in 
the tracts surveyed, cows and young stock 
were predominantly owned by 70 per cent, and 
59 per cent of the total households respectively 
in all the tracts. Sixty per cent owned goats, 
per cent bullocks, 30 per cent buffaloes, 27 Рё" 
poss sheep and 21 per cent camels. Horses and gon- 
IO qi nee ien one per cent о E 

lds. ividual rather than joint livestoc 
ownership pattern had been in vogue. The kin 
and amount of livestock owned varied from tract 


to tract. 
Table 8(A) : Tract-wise percent of households owning livestock 
Рај % households in tracts 
ype Pastoral Rainfed Irrigated 
Milch cows 65 “Al | 
Non-milch cows 24 11 - 
She buffaloes 17. 29 40 
Не -buffaloes 3 3 80 
Bullocks 38 28 54 
@ats 68 62 39 
Sheep 37 24 18 
Camels  * 32 24 2 


ihe Cia scu ту Cr US А 
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` Table 8(B) : Typé-wise mean number- of livestock per household in 
different tracts 


Mean number of livestock per household 


Livestock type Pastoral Rainfed Irrigated . Total 
ee MER MMC ENERO EC = 
Cattle 10 4 6 7 
Buffaloes Neg. 1 1 1 

Sheep 50 18 9 25 

Gats 10 10 6 9 

Camels 1 1 Neg. Учи 
Others 1 Neg. Neg. Neg. 

oc so AMEN, dpt sS s 

Total 72 34 22 43 


On an average a herd of livestock owned 
43 animals out of which sheep constituted 25, Goats 
9, Cattle 7, Buffalow 1, and Camel 1. Variations 
in type of livestock in a herd of different tract 
аге revealed in the above table. 
Comparative data of the tracts have revealed 
Reh With the decrease in aridity i.e. from pastoral 
ir Ct to rainfed dry farming to salinity affected 
. llgated tract, the households owning cows have 
| Псгеавед from 63% to ~71% to 78%; Buffaloes from 
to 29% to 40%. Among draught animals bullocks 
Increased from 32% to 24% to 2% in the three tracts. 
hereas household owning sheep and goats decreased 
Considerably from 37% and 68% to 24% and 62%; to 
and 39% respectively. Thus with the increase 
x aridity, the tendency of keeping increasing number 
i Sheep, goats and camels has increased in the 
Rete. Increase in number of households owning 
:lVestock further strengthens desertic conditions 
in the area. 


H. Animal husbandry practices 


_Irrespective of the tract animal husbandry 
Practices followed are chiefly traditional with regard 
2 breeding, castration, treatment of ailing animals, 


196 L.P.Bharara 


5 
feeding, marketing, etc. More than а 
of the respondents of all the tracts reported m. 
physical and socio-economic constraints in adopti 


improved animal  husbandary practices. Frequent 
droughts, shortage of grazing lands and water scat: 
city traditional attitudes, beliefs in Gods 
goddesses associated with livestock diseases 


and mortality, belief of customary rituals for ша 
ailing livestock, inheritance law of property disi 
bution and lack of capital were believed to be th 
major causes of non-adoption of improved practican 

It is recommended that the traditional апа 
husbandry practices may be substituted with M. 
scientific ones for higher productivity and bette 
quality of livestock. th 

Increase in livestock population, less ee 
of grasses, cultivation of grazing lands and ore 
of useless vegetation all in association with E. 
traditional style of grazing and management of hee 
have resulted іп bringing changes in the quality 
of grazing lands in the area. On the basis of ex 
rience the villagers reported that during the T 
30 years the quality of grazing lands have Бен 
more deteriorated in the irrigated tract as сот 
pared to pastoral and rainfed tract. 


I. Livestock migration 


Unhala (summer) and Chomasa (rainy season) 
type of livestock migration for a short period re 
less than one month апа of iong period of "om 
than one month was chiefly prevalent in the pastor 


З Pi nt 
rainfed and irrigated tracts. During the last drov3 а 
year, more than one-fifths of igra? 
alongwith their 


ype of livestock; MMC 
Jaipur and Haryana ine? 
ЈУ 
5 
Е oute 
Decision of migration, © 
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to be followed was chiefly taken collecctively re- 
Ported by 48% of the households in all the tracts. 
here were 31 different routes of livestock migra- 
tion to be followed by the livestock raisers of 
all the tracts. Of the various reasons of sending, 
livestock for long distances, shortage of fodder 
followed by drought/famine occurrences, fear of death, 
Water and fodder difficulty and shortage of food 
grains were the most predominant reasons in all 
the tracts. 

y Each type of migratory household associated 
with some kind of livestock make indiscrimi- 
nate use of meagre available water and grazing re- 
Sources in the tracts. These in the present day thus 
Prove a menace for the whole society and their 
Sedentarization is inescapable. The rehabilitation 
SChemes formulated on the basis of their kinship 
Structure and cultural values are likely to yield 
fruitful results. 


J. The role of livestock in desertification 


i High growth rate of livestock resulting in 
Increased number has been depleting the Rajasthan 
Чезегі of its phytomass resources resulting in eco- 
logical imbalance (Kalla, et al, 1977). A view also 


ands have been caused by over-grazing by cattle 
sheep. But two conflicting views prevail as 
to the goat's role in land use: (i) the goat is the 
major Cause of deforestation, rangeland destruction 
and soil erosion, and as such, its propagation 
Should be checked, and (ii) this animal is of con- 
Siderable value as the "poor man's cow" (some even 
Sall it the "Walking Refrigerator") and as the major 
Supplier of animal protein in our diet and, as such 
Should be included in a rational grazing programme. 
th The importance of goats, lies not merely in 
9 returns this hardy animal gives to the owner 
PU also in ats! pole in raising of sheep. Goats often 
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i he 
acts as foster mothers to lambs as well as WC b 
shepherd in grazing and herding the Sheep. he Lee 
case of any attack by wild beasts it is only ito #08 
which bleat and given an instant indication AF. 
owner about the attack. The rate of mortality mate 
sheep is comparatively much higher than in po 
during scarcity conditions. It is common sayang ia 
"oont chhodde aakra aur bakri chhodde kankra . i 
during scarcity conditions, the camel will only 


3 e 
scanty vegetation. If, therefore, the goat 5 to 
displaced because of its alleged association ne 
rapid range denudation and soil erosion, a sul mas 
substitute has to be found in order that there ties 
not be a functional vacuum with consequent «difficul 
in sheep rearing which 


is an important arid 2079 
industry К of 
Blaming the goat for the vast destruction 

the world' 


S pasture and forest resources may, jn 
fore, be unrealistic. however, in India the beers 
Commission on Agriculture has .come down ber 
heavily on the goat and has recommended dra 
reduction in its number in the desert areas.” eds! 
When grazing or browsing cut over forest are? ^ 
goats prevent tree regeneration by consuming use 
young shoots, but cattle and sheep also Сас” 


У а mi- 
appreciable damage of the Same nature in 5} о 
lar circumstances, Goats are also accused | ral 
damaging crops; but, 


и 
in actual fact, the па 
grazers, i.e. cattle an 


more destructive, 
the type of stock 


en 

d sheep, can often be Et. 

With both forest and crop da cto 

is usually a less important cies 

than the number of livestock, irrespective of Spe 1259 
It is a widespread lack of control and the саге 


еѕро"" 
management of the animals which are chiefly Г 
sible for the destruction incurred. 


e 
‘ \ jane 

What is needed, then, is to maintain a Daves 
between the total number of goats (and other ар! 
stock) and the quantity of feed .which is аҹ : 


: rio 
for the combined population during the lean P€ 
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“шш, the carrying capacity of the land 
RE. 4 e determined and respected. There is no 
E inst in discriminating unjustly or unnecessarily 
E oH one particular species, the goat. In extreme 
Scone == where elimination of the goat from the 
of ы =з is considered logical the probable effects 
E ihe eee od on the existing vegetation and 
SP, T level of animal production in the region 
а rem e carefuly considered. It will be well 
Gee ner that where feed is 5сагсе and of low 
ВЕНА value the larger animals are at disadvantage 
SES P of their greater maintenance requirements. 
on animals like goats with correspondingly 
E NI E. needs, are often able to roam 
both angen areas to gather sufficient nutrients for 
TM survival and at least the minimal production 

eat and milk (Ghosh and Khan, 1980). 
to "n goat has a strong justification to continue 
odes ist as part of our agricultural practices, at 
EE ih such areas where the potential for sedentary 
а хае је at best minimal. The controversy 
origi as been ragging concerning the goat does not 
d nete dn the goat Per se but in the uncontrolled 
nee continued overgrazing by this agile and inquisi- 
E UHR. The approach to contain the menace 
duo ar fallaciously believed to be posed by the 
ment should be to upgrade it and control its move- 
Kha S, rather than doing away with it (Ghosh and 

п, 1980). 

in However, cumulative 
dai udis d of people and a 

e limited natural resource 


Th 
M. complex man-land-livestock 
resources use and abuse have revealed in degra- 


UM of arid land, depletion of- water resources, 
Е ааа of rangeland vegetation and deforestation. 
Wn quss opined that vast areas earlier covered 
ane thick forests bush/grassland . sustaining bal- 

e of livestock have deteriorated to eroded 


effect of constant increase 
nimals is serving damage 
s of the arid lands. 

jnteractions inherent 
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waste of bare sandy Soils. The  rainfed and 
irrigated pockets of the area have been in- 
fested by uselessunpalatable shrubs. 


IV. SUMMARY AND CONCLUSION 


Animal-human interactions, inter relations, 
conditions and consequences form the components 
of desertification processes in the arid areas. Animal 
human activity in the Indian desert, has revealed 
that ecological deterioration and  accentuation of 
desertification has been occuring in the region . і) 
recent times due to the intense human and livestock 
pressure. The increased pressure of livestock ОП 
the natural grazing lands resulted in over exploitation 
of resources leading to depletion of natural vegetation. 
Livestock population trend, growth, composition; 
type and density were found to be the chief livestock 
Parameters influencing desertification process 1^ 
different ecological regions of arid zone of Rajasthan: 

Livestock Population exceeds human population: 
Despite climatic vageries, there is an increase і" 
livestock population. Growth of livestock population 
is higher in the Pastoral tract as compared to t 
rainfed and irrigated tracts within the arid zone 
of Rajasthan. Despite ecological differentiation, growth 
of sheep and goats together is highest of all EDS 
animals. There is -an increasing tendency of keeping 
large number of animals among the pastoralists. 
Households owning. cows and buffaloes increase wit 
the decrease in aridity from infed 
to irrigated tracts. Households owning sheep ae 
increase in aridity and o3 
crease with the decrease in aridity. Rearing 
sheep, goats and cattle is no longer a monopoly 


of the traditional livestock rearing communities 9 
arid zone of Rajasthan. 
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creased’ trum 9.30. million in 1951, io 23-32 million in 
1983 w; .90 о З million in 
Bol with a net increase of 135.5649. Amongst various 
a 9gical regions, pastoral tract revealed an alarm- 
WW Situation for the planners as it had the highest 
tees nook growth of 263.26% during 1961-'83. In 
by ied tract livestock population had increased 
the 121% during the period of 1961-'83. While in 
289, irrigated tract livestock had increased by about 
tion during the period of 1956-85. Livestock popula- 
iint varied from minimum 1.68 per capita in the 
tha gated. tract to maximum 8.86 in the pastoral 
"s Highest mean annual growth rate of 11.97% 
i found in the pastoral tract as compared to 5.45% 
Ru ihe rainfed tract during the period of 1961-83 
High 1.06% in the irrigated tract during 1956-83. 
ere growth rate of cattle (82%) and sheep (64%) 
Sh place in the pastoral tract during 1977-83. 
еВ and goats together constituted more than Tour 
um ths of total livestock in the pastoral and irrigated 
ans as compared to 59% only in the irrigated 
Fact during 1983. 
Yr With the increase in aridity from irrigated 
AR and dry farming to pastoral, the households 
5 яр) sheep, goats and camels have increased. In-: 
Dite of frequent droughts and famines, there is 


a " 
{20 an increasing tendency among the pastoralists 
s animals. This along 


WEN аыр attitude endi bees any cods/ pode E 
associated with livestock diseases and mortality, 
Customary rituals for the ailing livestock, inherited 
SW of property distribution and lack of capital 
are believed to be the major socio-economic con- 
Straints in adoption of improved animal husbandry 


Practices. 


Increase in livestock has over crowded the per- 


Manent pastures and other grazing lands. Density of 
adult livestock units/100 ha of pastures and 
Srazing lands was found to ре 708 in the pasto- 
ral tract, 1362 in the dry farming, and 570 in the 
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ae re 
irrigated tract. A positive degree of Peel а 
Sists between the livestock population а 
and in the. intensity of depletion of E opu 
lands in the tracts. Fast increase. in livestoc a 
lation inspite of gradual shrinkage in the тШ. 
of grazing lands has resulted іп кр of 
of grazing lands and also to partial sirven ш 
livestock. More than three-fourths of the house wi. 
in all the tracts reported that the present de 
grounds were inadequate and getting Босе а 
Consequences of too тапу livestock using des 
grounds were stated to be partial starving of пед 
Stock due to shortage of grasses, land getting spo zm 
and becoming weaker, and soil erosion due to trà 
ling of livestock. 
EU AS an adjustment mechanism Unhala (summer) 
and Chomasa (rainy Season) type of livestock ne 
tion for a short period of less than one monie 
and of long period of more than one month was са 
Prevalent іп the Pastoral, rainfed and МИ o 
tracts. During the last drought year тоге а 
one-third of the households migrated alongwith t cia 
livestock. Each type of migratory household asso! P 
ated with some kind of livestock make indis 
criminate use of the meagre available water 87 
grazing resources of the areas. ock 
Consequently the huge pressure of livest fe 
Population, majority of sheep and goats, increas 
tendency of keeping larger number of animals, tro". 
tional management Practices, over crowded pen ie 
pastures, deterioration of grazing lands and diffi 


ties in migration - all have become conducive 
desertification in the area, 
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LIVESTOCK FARMING - A FORM OF LAND USE IN 
W. RAJASTHAN 


Amal Kumar Sen 


I. INTRODUCTION 


Rajasthan ranked third and contributes about 12 
percent of the total livestock wealth of India. The 
Source of livestock and animal husbandry in the 
State income of Rajasthan at current prices, in 
the 1976-77 stood at 16.71 percent and 15.64 percent 
at constant (1969-61) prices. Agro-climatic structure 
of W. Rajasthan or the arid zone of Rajasthan ren- 
ders livestock and animal husbandry specially sig- 
nificant in the cast of landuse of Arid Zone of Rajas- 
than. In the arid zone climate is dry; the physio- 
graphy is characterised either by sandy or rocky 
desert, dune and interdune sandy terrains, saline 
flat апа depressions Or рјауа5 (1ocally known as 
rann) sparsely populated and single cropped land. 
In this region therefore, animal husbandry is not 
Тегеју an adjunct to agricultural operational but 
Supplementary avocation for the peasantry. In short, 
livestock farming has traditionally been one of 
the most viable elements of the agro-economic system 
Of the arid zone of Rajasthan, Recognising the Ae 
Portance of range management and livestock farming, 
Considering the constraints imposed by aridity,- 
to upgrade the economy of the state, livestock 
farming has already been suggested, as one of the 
most. important alternate land use for arid zone of 
Rajasthan. The National Commission on Agriculture 
аз in its report on developmental strategies for 
the desert areas, laid Strong emphasis on the "need 
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for strengthening the livestock farming sector, (Sen, 
Ghosh et al., 1981). Besides livestock plays а 
vital role in the economy of the arid zone of Rajas- 
than - source of manure and fuel, bones, horns, 
hoops, milk, hides, skins etc., Cattle, Camel and 
other livestocks also serve as draught power for 
agricultural operations, such as thrashing and lift 
irrigation in the rural areas. Milk cattle is a source 
of milk supply to other regions. Meat and poultry 
products аге also Supplied and exported to the 
other parts of the country. All these emphasises 
the importance of livestock farming and hence pastu- 
ring as a landuse unit in the arid zone of Rajasthan. 


II. THE BASIC NEED - LANDUSE IN INTEGRATED 
SURVEY 


The consideration of any form of landuse in 
W. Rajasthan should be Proceeded by an accurate 
assessment of the resources in dry land eco-system- 
their extent and distribution So that these coul 
be harvested efficiently for productive exploitation 
towards total human welfare. This necessiates multi- 
disciplinary integrated Surveys of natural resources: 
The end product of integrated surveys is the gener- 
ation of a proposed land utilization map which рго“ 
vide a clear picture of lands where livestock farm- 


TR pasturing can be undertaken (Shankarnarayan: 


III PRESENT LANDUSE OF WESTERN RAJASTHAN 


Table 1 gives the i the 
districts of arid western Rajasthan bert ate "period 
1916-17 to. 1980-51. Wiha’ Hgures are colieeted dicU 
the revenue department of Govt. of Rajasthan. е 
average figures of. the four years are taken into 
account. The table indicates the highest % of land 


15 under single crop. The permanent pasture on 


Oran constitues . only 
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Table 1. Present Landuse in arid Rajasthan (1976-77 to 1980-81) 


area in 
hectare Percentage 
Forest 285683 1.72 
Settlement and water features 685659 3.29 
Rocky waste & stony waste 987579 4.74 
Sandy waste (cultivable waste) 5129338 24.63 
Permanent pasture oran 846894 4.06 
Orchards and plantations 28270 0.15 
Cultivated lands 
Single cropped 9072278 43.68 
Double cropped 805449 3.86 
Long fallow 1542910 7.41 
1393150 6.69 


Short fallow 


———— 


20777210 100 


eae ITA ee 


Gazing ground : ' 8506721 ha or 40.84% 


Cult. lands 12813787 ha or 61.64% 
(including long fallow which is also 


grazing land.) 


SAT 4.06%. But this is not the 
X unit that forms. pasture grounds. Rocky and 
опу wastes, sandy wastes and long fallows also 
Onstitute grazing grounds. Thus the grazing ground 
availabld is Sbout -A1% ~ although ‘about 76 of it 
Von fallow) are occassionally cultivated in long 
V ration (4 to 5 years) - only in the years of 
егу favourable rainfall. This secondary data only 
Present the qualitative picture and don't show the 
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extent of the pasture grounds. Even so it MC 
that -the available grazing ground is sizeab E 
In view of this situation it appears that ani 
husbandry -may be the most appropriate enter prai 
in this region. Therefore, the lands, which Som 
not sustain cultivation must be adequately safeguarde 


by prescribing appropriate landuse and needed pra- 
ctices. 


IV LANDUSE CLASSIFICATIONS OF GRAZING GROUND 
IN DESERT ECO-SYSTEM 


The degree and extent of landuse units Can 
be best cartographed by means of field survey 
and remote sensing devises. Based on the intensity 
of survey topographical maps - aerial photograph? 
and landsat ^ imagery interpretations, collectio 
of field data and available informations, etc. ue 
types of the landuse maps can be prepared T 
the restriting details Mz. reconnaissance ,. do E 
reconnaissance and detail landuse maps. These апа 
large sale maps being 1 : 100,000 to 1 : 50,00 
1 : 25,000 and 1 15,000 or more in general i 
case of reconnaissance, detail reconnaissance 9 


‘detail maps respectively, These maps show the 
extent and deg 


the actual 


find out problem areas, planning 
Sen, 1981). А 
Based оп such e and remote sensi 
devices “the area under present landuse units Ner 
PURUS. ei. te ai tto QS The: inrasent Јапана 
and its relation to agricultural and livestock form ue 
aspects can be best Studied or geographically p. 
lysed. by classifying the area into agro-clim?".— 
and agro-ecological regions, The arid zone of Раја 
than has earlier been Classified into two macro Se 
four micro agro-ecological regions (Table 2) ( f 
1972 'a'and 'b'). The lang use characteristics 
these zones are also shown in Table 2 


Arid Kharif meno cropping belt more 
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Table 2, Agro-ecological and agro-climatic regions of 
Western Rajasthan. 


es 


Macro Region Micro region Districts Area in Km 
с э а I ee 
1. Arid 1 а Kharif Mono- Barmer, Jodhpur 133,722 
cropping. Churu, Jaisalmer, (64.202) 
& Bikaner. 
1 b Irrigated Ganganagar 20,764 
Kharif and:Rabi (102) 
cropping 
2. Transitional 2. a Kharif Mono- Jhunjhunu 51,244 
hetric and arid cropping. Sikar, and (152) 
and semi-arid Nagaur. 
2. b Irrigated Pali and 82,780 
Kharif and Rabi Jalore (10.802) 
&ropping 


wee han Wo ou ee ee зз 


Or Table 3 indicates that parmanent pasture or 
an land: (II) waste lands including ten sub-classes, 
0) primarily constitute the grazing ground. Besides 
Ке marginal lands where intensity of cultivated 
ands are less than 20% also comes under grazing 
Sround during the drought years. Thus the actual 
Pasture lands which form 46 percent of the total 
Shea: ог western Rajasthan includes Oran, wastelands’ 
and Marginal lands. А 

Ч The availability of grazing ground in W. Rajas- 
than is quite high in comparison to national figure. 
n W. Rajasthan about 42%, is available for grazing. 
The figure is above 504 in arid zone, while in 
f than 55% of 
s available for livestock farming. 


the t : 
otal area i 
azing ground exceeds 


п Jaisalmer the available gr 
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Table 3. Pasture grounds in M. Rajasthan. 


КОЛ О _=———————ү——— 


Districts Total area Pasture. lands in ha & $ Total 
in hectare Permanent Waste Marginal 
pasture lands lands 
Oran 
ТА. Jodhpur 2217800 133500 682790 271650 1087940 | 
(6.025) (30.79) (12.25 ) (49,06) 
Bikaner 2885072 26597 1417020 294380 1737997 
(0.925) (49.12) (10.20) (60.24 ) 
Barmer 2817294 214466 501974 19285 735725 
(7.612) (17.82 ) (0.7 ) (26.15 ) 


Jaisalmer 4135700 145408 3634723 3021 3783152 
(13.42 3% (87.88) (0.08 ) (91.48 ) 


Churu 1685114 49261 57100 102145 208504 
(2.925) (3.39 ) (6.1) (12:57, 7 8 | 
Total Arid | 
Monocropping 15740980 569232 6293608 690479 7553319 
(4,14) (45.90 ) (5.02:) (55.06 ) 
lb. Ganganagar 2041446 25910 301451 38792 386353 
(1.27) (04.77) (3.0 ) (19.04) 
Total arid 15782426 595142 6595059 6729171 7919672 
G.77) (41.78) (4.62) (50.18) 
28. Sikar 714925 48200 71044 1889 121130 | 
i (6.22 ) (9.17 ). (0.24 ) (15.65) 
Jhunjhunu 592730 44589 24924 1826 71559 
(7.53 ) (4.20 ) (0.30 ) (12.05) 
Nageurr — 1768011 80400 84600 19285 184285 
(4.55) (4.78 ) (1.1.1 (10.45 ) 
Total Transitional 
Monocropping 3155666 175189 180565 145602 497556 
(5,557) (5.76 ) (4.60) (15.86 :) 
2b Jalore 1056357 51139 96709 956 148504 
i (4.843) (9.15 ) (0.06 ) (14.05) 
Pali 1229762 92465 178144 19962 290569 
(7.521) (14.49.) (1.62 ) (25.65) 
Total Transition Kharif & 
RabiCropping 228619 143602 274853 20618 439075 
(6.28 ) (12,02 ) (0.90) (12.20) 
Total Transitional Arid 
& Semi-Arid 5421785 316791 455418 164220 956429 
(5.84) (8.40) (5.05) (17.2) 
Total W. 2 - 5 
Rajasthàn 1204211 91 А 7050477 895691 8856101 


(55.25) (4,21) (41.76) 


А 
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PASTURE LAND IN AGRO-ECOLOGICAL 
REGION OF WESTERN RAJASTHAN 


Miles IQ о 20 40 | 60 В0  IOO Miles 


LIVESTOCK / ha GRAZING LAND 1977 
ZA lest, 2 


(TOTAL. ARID) t 
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те РА 0-7 
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90%, while in Bikaner it is above 60%. The low 
figure in Barmer and Churu is however due to the 
een use of marginal lands for cultivation which 
o cde is a menace to desertification and soil 
| ion. Same is the casé with the districts of 
agaur, Sikar and Jhunjhunu. In Pali and Jodhpur 
districts saline waste accounts for the availability 
of more grazing ground. 


V INTERPRETATION OF AERIAL PHOTOGRAPH AND 
LANDSAT IMAGERY TO DELINEATE RANGE LANDS 


" The informations generated through "edge gra- 
dient" study of the aerial photograph and land 
sat imagery - like vegetative areas, topographic 
and cultural features which affect the suitability 
of range for livestock etc. can be transferred to 
Maps or compiled in tables and charts to guide 
the range management specialist to covey out his 
plans (Jogy Harus and Raduer, 1960). 

ADVANTAGES : i) Improve the reliability of range 
inventories, ii) Boundaries of types: and sub-types 
Can be delineated quickly and accurately as fall 
оп minute ground features readily discrned on photo- 
graphs : but not on ground. iii) Range improvements 
like fences saline areas, watering places can be 
accurately located, iv) Facilitate selection of sample 
Plots of large range areas where vegetation types 
аге irregular. in shape. Distance and direction from 
the land mark to the sample location can be deter- 
Mined by photographic measurement. 

Generation of data and delineation of boundaries 
9f range land is possible in large remote and under 
developed regions like desert in much shorter 
time than any other methods. One of the advantage 
of the lanasat is that the whole area is photogra- 
Phed at the same time and under identical lighting 


"Conditions. 
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VI PRESSURE OF LIVESTOCK POPULATION ON GRAZING 
GROUND : A PROBLEM OF LIVESTOCK FARMING 


Table 4 indicates that the livestock population 
and that pressure on the Srazing land in Rajasthan 
in considerably high, The result has been overgra- 
zing and deterioration of the Surface  vegetation- 
Conditions largely responsible for increased deser- 
tification hazards, The table gives an account ОП 
the variation ang increase of livestock population 
during the periog 1972 to 1977 in different districts 
of arid Zone and their Pressure on grazing land 
in different agro-climatic regions of Rajasthan. 
only the livestock Population has 
Pressure on grazing has already 

over-grazing. In Western Rajasthan й 
view of their low carrying Capacity, the increase 
Pressure of livestock on the national grazing lands 

i Ver-exploitation of resources leading 

consequences on Settlements, commer 

cial and other infrastructure. In view of this context 
tonal utilization of available resource 
in the rangelands becomes evident. It emphasis 
the needs of organising livestock farming - as 8 


d use in arid Rajasthan. 


Land use Survey data indicates that more 
than 41% of w. Rajasthan is used .as grazing gros 
а form of Pastoral landuse, Besides there is e 
Scope to develop livestock farming also in the singl 
cropped or m 


9no-cropping lands. What is neede 
8S observed by .Sha 


5 nkarnarayan (1984) a systematic 
Screening to €Xploit the ull genetic. potential © 
the native grasses for realising increased anima 
Production. The improved Strains of grasses identifie 


Я п 
апа developed thus пергеѕеп | non=cach inputs ME 
demand and Supply Position, To make livestock EX 
mina more lucrative, intensive research is nee 
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Табје 4, Livestock population grazing area/livestock in ha. 


Pressure of livestock population on grazing land. i 
District Total grazing Livestock population 
ground in-ha. 1972 grazing land/ 1977 grazing. 
(total) livestock land/ 
livestock 
==. апа По ша ЗРК е анна 
Т. Вікапег 1757927 898760 1.95 1534985 1.15 
(470.78) 
2. Вагтег 735725 1974350 0.37 2534985 0.29 
(428.26) 
5. Churu 208504 1426375 0.14 1574522 0.13 
(+10.38) 
4. Jodhpur 1087940 1893200 0.57 2442424 0.44 
(429.018) 
5. Jaisalmer 3783152 616455 6.14 1500419 2.91 
(110.85) 
5. Ganganagar 386555 1533671 0.25 1645451 0.25 
(47.287) 
7. Sikar 121130 1530178 0.08 1561092 0.08 
(-1.052) 
8. Jhunjhunu — 71339 970508 0.07 968588 0.07 
(71.018) 
3. Nagaur 184285 2304209 0.08 2571741 0.07 
(42.952) 
10. Jalore 148504 1234772 0.12 1322045 0.11 
(47.062) 
11. Pali 290569 1893650 6.15 1985095 0.14 
(+4.72) 
Токат 8856101 14584108 0.61 19036651 0.46 
(+3.03) 


Ses eee, ee ee eee 


. r Sen 
218 Amal Kuma 


for increasing the genetic potential of the € 
through multi-disciplinary efforts for such attri AU 
as quality, high dry matter yield, vigour and E. т 
eration ability which аге to be incorporate T 
the genotypes. Studies on forage preservation "m 
hay making, 'and storage in good to very REST 
rainfall years Тог use in drought periods br 
examination in relation to livestock needs and t 
Prevent migration of livestock. 


VIH. SILVIPASTORAL MANAGEMENT 


Since livestock husbandry occupies the mos 
important place in the economy of the. arid hn. 
and that frequent droughts result in loss of Шувар 
Owing to the Shortage of fodder resources, 4 
is necessary that range improvement programm 


is also complemented by raising fodder trees and 
shrub species (Paroda, 
duction of Suitable tree 
nutritionally better 
Period but will 


IX CONCLUSIONS 


Due to the 
agriculture js often 


lands, Range management ra 
S been favoured to give top РАО 
Accordingly livestock bur. 
ап alternate land use of tem 
tern Rajasthan.. But the present management SY E 
needs improvements: Over-grazing and over one aay 
tation of the range land resources have и 
caused environmental degradation in arid есо-5у 
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which need considerations. An integrated basic 
resources survey, with the help of aerial photo 
heer onion and remote sensing techniques is 
= ed to map the range lands and to pinpoint 

associated problem areas to work out land treat- 
ment programmes in detail. 
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EESERTIFICATION IN INDIA : 
XTENT, CAUSES AND CONTROL 


J.K. Jain 


I. EXTENT OF DESERTIFICATION 


The arid zone in India constitutes a significant 
мы tior (about 12 рег cent) of the geographical 
srea of the country. It extends over a wide latitude 
covering both peninsular and extrapeninsular regions 
119. 1). The northern portion of the arid zone 
Се the continuation of the major Afro-Asian hot desert 

gion. Biogeographically, the biota of this tract 
holds ‘western' affinities to a great exten. The 
Sold arid tracts located in the Himalayan zone depict 
entirely different biogeographical attributes. 

" Taking into account the manifestation of aridity 
= the natural setting and ecological features, the 
xS regions of the arid tract of this country, in- 
Uding a small extremely arid area, аге broadly 
restricted to Rajasthan and its neighbouring states 
f Gujarat, Punjab and Haryana. The focal centres 
Or manifestation of desertification are most pronoun- 
Sed in the Rajasthan region, especially in view 
9f the intrinsically !desertic' nature of this zone. 
а Such, the bulk of investigational and implementa- 
ional activities of various agencies have been, 
to an extent, restricted to the Rajasthan state and 


its proximal areas. 

of 1 The area and population 
ndia are shown in Table 1. 

lar The arid regions of India are having a popu- 
ion of over 25 million with an average density 

9f 74 persons per km2, as against 4 persons рег 

m" in most other deserts of the world. The density 


of the arid states 
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222. 
c? Pradesh 
He 
[95 
ARABIAN 
SEA 
Delimitation based on 
thornthwaite moisture ; 
index minus 40 as боа{\ 
arid and minus 20 to 
minus 40 as semi arid 
Area in sq km У 
5 2] Arid (317,090) X. 
= E> Semi Arid(956,750) 
© Arid (70,300) 
8 Semi Arid (13780) 
Source : Central Arid Zone Research Institute, 
Jodhpur. nés 
Note : The external boundary and the M ET 
of India appearing on the map are neit Ag 
verified nor authenticated by the Surv 
of India Е а 
Fig. 1. Schematic map or India showing arid an 


semi-arid zones 
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Table 1 
Se 
Name of Area under Population 
arid state arid zone 1981 

("000 кт“) ('000) 
Rajasthan 196.4 11,879 
Gujarat 66.1 3,604 
Punjab 14.8 3,463 
Haryana 12.9 2,447 
Andhra Pradesh 19.9 2,685 
Karnataka 8.2 1,136 
Maharashtra 1.3 268 


of population gradually increases towards the east 
and northeast near the borders of Punjab and Uttar 
Pradesh. There is a broad correlation between ari- 
dity and ѕрагѕепеѕѕ of population, with exceptions 
ln urban-industrial clusters like Jodhpur and Bikaner. 
The distribution and density of population can be 
expressed in terms of availability and suitability 
of surface and groundwater. Population density incre- 
ases where the rainfall increases ог the water table 
approaches the surface. The highest population occurs 
in the piedmont belt of the Aravallis all along its 
Western borders and the narrow zone between the 
Sutlej and the dry bed of the Ghaggar in the extreme 
North. The relationship between the distribution 
Of population and availability of jweter is obvious 
in the arid and semi-arid lands. However, variations 
in the densities of population do occur on account 
Of differences of topography, soil, land, occurrence 
eu economic ,minerals, accessibility and other 50с10- 


economic factors. 


II CAUSES OF DESERTIFICATION 


The causative natural factors of aridity and 
desertification are the inherent climatic conditions 
8nd geological and geomorphological setting (Fig.2). 
y e rocks are submitted to extreme temperature 
а ог; with resultant fragmentation and accumula- 
On of detrital sands which are easily transported 
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by raging winds. High evaporation and low precipi- 
tation combine to create conditions which facilitate 
Salinisation of the entire tract and accumulation of 
minerals in the surface and groundwater. Soil develop- 
ment is relatively poor due to the generally low 
organic detritus obtainable in the tract. 


а. Deficient Rainfall 
Analysis of precipitation records for more 


than seventy years reveals that the occurrences 
of large deficit years are frequent in the drier 
Parts of the arid zone with values exceeding 20 
(MESA ND E moving averages for the period 
c show that the large deficit rainfall Spell 
g 1962-71 (commencing in fact from 1956) is 
only comparable with conditions during _ 1895-1905. 
The 1901-60 period recorded only 3-4 spells of below- 
Normal rainfall conditions of small magnitude. 
Incidence of drought years has a multiplier 
effect on desertification. The conditions during the 
1962-71 drought phase may have significantly contri- 
buted to the deterioration of the arid zone. 
b. Duststorms Activity | 
+ The frequency of duststorms rises with reduced 
Precipitation in the preceding years. Measurements 
of dust during 1973-75, from land | surface to 3m 
above, recorded 0.5 to 4.2 quintals per ha on a 
' duststorm day at Jodhpur and 5.1 quintals at Jaisals 
mer. The removal of grass cover from 2,007 km 
Caused the depletion of 1,065 m? of soil in three 
Years - a loss of 0.53 m of soil depth. t | 
Observations indicate that the size fractions of 
the dust samples include fine sand (55-75 per cent), 
Clay (6-15 per cent) and silt (14-39 per cent) under 
Various landuse conditions and at- various heights from 
land surface to 3 m above. The significant portion of 
Silt in these samples indicates movement of fertile 
eroded soil over large distances. “In fact, dust rises 
to more than 5,000 m over the arid zone - the cause 
Or the midtropespheric divergence that reduces 
rainfall in the area despite the presence of moisture. 
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c. Shift of Aridity 


The variation of the aridity index line of 
80, computed by Penman's method and studied for 
the period 1901-70, reveals an eastward shift during 
the first two decades of the twentieth century. There- 
after, there were minor to and fro oscillations, 
becoming more marked in Churu in the north and 
Jalore in the south, indicating maximum  aridity 
eastward from 1951-60 in Churu and 1961-70 in Jalore. 


These studies imply a possible spread of arid condi- 
tions in the southeast. 


d. Adverse Geohydrological апі Geomorphological 
Conditions 


1. Recurrent aridity in the geological history 
of the tract, with a particularly significant 
phase of wider extent in the early Quater- 
nary, led to disorganisation of drainage 
in the Luni and Ghaggar basins and other 
northeastern zones  (Kantli,  Mendha etc) 
and creation of inland basins, salt lakes 
and a desert landscape of dunes, bornhardts 
and other associated features. As a result; 
considerable tracts outside the present 
limits of the arid zone in eastern Rajasthan 
are stabilised dune fields, with some pedo- 
genesis. These zones are sensitive to irra- 
tional landuse Practices, being well within 
the semi-arid belt. 

2. Even after an interlude of ameliorating 

` humid climate from 3000 to 1000 BC, during . 
which the  Rangmahal culture thrived a 
the Ghaggar, a second arid phase set і" 
which is still continuing. Thus, the terrain 
did not have time enough to recover from 
the effects of the earlier phase of extensive 
aridity. This second phase of aridity ene 
again led to further  disorganisation д, 
drainage, creation of an inland drained 
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tract in the northeast, dune fields, sand 
sheets and erosional features like tafonis, 
bornhardts and rock pediments. 

The  Aravalli ranges effectively preclude 
the beneficial influence of the monsoons 
in the arid tract. These ranges have seve- 
ral windgaps and stream crossings which 
act as potential passages for wind transpor- 
ted material into the outer fringe areas 
in the direction of the prevailing winds. 
In a terrain where evaporation is in excess 
of precipitation, the presence of inland 
basins and depressions with centripetal 
drainage and lack of а flushing system 
help in accumulation of saline material 
in the entire catchment area. 


The geohydrological situation in the tract 
is one of restricted aquifers, often with 
brackish or saline water and deep water 
table. Recharge facilities are limited due 
to the low precipitation even in the fresh 
water aquifers (e.g. Lathi). This seriously 
hampers exploitation possibilities, recuper- 
ation of aquifers and maintenance -of the 
groundwater regime. 

Due to a combination of climatic and geo- 
morphic factors there is hardly any surface 
water system with integrated drainage and 
appreciable discharge in this zone. The 
only exception is the Luni which, too, 
is a misfit and disorganised stream without 
any major sustaincd flow for most part 
of, the year. The extensive salt Ranns 
of Kutch, into which the Luni discharges, 
also contribute to the salinity of the tract. 
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e. Pedogenic Limitations 


Two major factors in the pedological character 
of the arid zone have significantly contributed to 
its desertification and lack of adequate vegetal grow 
th These are: 


7. Inadequate organic accumulation in the soils 
due to the prevalence of a climate unfavour- 
able to vegetal growth, not only during 
the current arid phase but from the previous 
extensive phase of aridity. As a result; 
the soils even in the eastern tracts of 
the semi-arid zone manifest limited 50: 
profile development, often on ancient stabi- 
lised dunes. The relatively richer soils 
are restricted to the fluvial margins an 
and flood Plains; and 1 

2. Well developed caliche formation (calcium 
carbonate material) in the soil profile: 


with considerable consolidation, inhibit? 
normal root and vegetal growth in t^ 
region. 


_Apart from these basic pedogenic limitations? 
the intrinsic climatic conditions that promote erosi 
constantly remove the surface layers of the 59, 
cover, resulting in impoverishment of plant growth 
environment. The movement of salinised water A 
some areas is also detrimental to soil productivity’ 


f. Population Pressure 


Successive decennial census reports nave i. 
vealed an alarming growth of human population Аз 
the arid regions of India from 3.6 million in 1908 
to 13.4 million іп 1981. ; out 


А There has also been 4 755 
ultaneous rise in the number of livestock from 1 i$ 


million in 1951 to 23.2 million in 1983, which 22 
even greater than the human population. This 
led to an adverse environmental situation, епитега 
as follows: 


ted 
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1. Reduction of the man-land and livestock- 
land ratio in a tract which is normally 
devoid of adequate natural sustenance. 
The land per household has reduced from 
17.8 ha in 1951 to 10.4 ha in 1981, with 
only 7.5 ha likely to be available at the 
turn of the century. There is a correspon- 
ding shrinkage in cultivated land; 

2. Rise in net sown area from about 28 per 
cent in 1951 to 51 per cent in 1981, with 
double cropped area rising from 0.4 to 
1.8 per cent. This has directly led to 
a shrinkage of lands normally used for 
grazing, with drastic removal of vegetal 
cover; 

3. Overdependence оп agriculture has led 
to land degradation due to nonavailability 
of adequate cultivated land; and 

4. Urbanisation апа industrialisation have 
further aggravated the man-land situation 
and reduction of forests for fuel and hou- 
sing material. 


9. Landuse Changes 


Due to increased population and livestock pres- 
Sure, vast areas of the arid zone have been brought 
under cultivation, often extending to marginal lands, 
Pediment slopes of the Aravallis and other fringe 
areas, where the natural conditions do not warrant 
farming. These also include areas of stabilised 
dunes where farming and removal of roots and stub- 
bles after cropping have led to accelerated wind 
erosion. Increase in livestock (partiularly goats 
8nd sheep) has resulted in further depletion of 
Vegetal cover. Coupled with conversion of grazing 
lands to farming. the region is undergoing an.aggra- 
Vation of desertification through erosion on bare 
lands and aeolian shifting of soil particles. 

Introduction of irrigated agriculture in many 
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areas, without adequate drainage measures, has also 
given rise to accumulation of minerals and аш 
in the soil and near-surface formations ina trac 
having naturally impeded drainage and heavily chang 
ged with minerals and salts. In some locations, 
there has been a rise of water table with simul- 
taneous increase of salinity and deterioration 9j 
the soil regime. All these factors have led to dim! 
nishing returns from the land and enhancement 9 
desertic conditions. 

Establishment of new settlements (often 01 
stabilised dune areas), urbanisation and constructio 
of roads, railtracks and cànals without regard E: 
geomorphic units (stable dunes etc) have led ^ 
rapid mobilisation of Stable sand belts and conse 
Quent desertification by removal of vegetal cov 
and wind action. As Such, settlements and ho 
centres of sand торта 
throughout the arid tract. Т 


У "нато, 
оге acute by overgrazing and felling 
trees for fuel, 


Along the Luni riverine zone, there are seve 


tons of regime deterioration in ment 
à n of soil and water and develop ave 
of negative gradients, Particularly where dams lE 
ring and withdrawal of wa to 
In many cases, withdrawal of 


ral 


resultant desiccation and deflation. The Luni 

from Pichiak’ to Dhundara is a classical examP 
of salinisation of fresh water and loss of land 
ductivity. In the eastern fringe of the arid es 
(Churu, Sikar and Jhunjhunu), there are evidents 
of widespread mobilisation of D 


Stable sand he 
as a result of human interference leading 10 are 


creation of source areas for materials which ary 
easily transported across the arid zone bound :ab 
east-and-northeastwards into the Нагуапа-Ри?/ jn 
region through the windgaps in the Aravallis: 
fact, comparison of the old toposheets with 
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new ones has indicated increase of sand in some 
of the semi-arid areas of eastern Rajasthan including 
Alwar, Jaipur and Tonk districts. 

А Geomorphological mapping in the eastern semi- 
arid fringe and along the Aravallis has indicated 
the presence of large sand deposits flanking both 
the windward and the leeward sides. Recent studies 
also reveal increase in some of these deposits near 
Sarwar and other locations east of the Aravallis. 
Observations along the windgaps (Ризћкаг, Tribeni 
and Sabi-Sote) show shifts in sands and new accumu- 
lations. 

Although such windgaps are not extensive, 
they are nevertheless helping, in the funneling out 
of desert sands into the regions beyond as a direct 
result of the deterioration of the conditions obtaining 
within the desert. Much of this outer zone is basi- 
cally stable dune territory of the earlier arid phase 
where cultivation and human activities may lead 
to mobilisation and erosion. As has been experienced 
in other arid zones of the world, prolonged phases 
of drought may ultimately turn such sand accumula- 
tions in the fringe areas into menacing Sources of 
loose materials that will cover the farmlands under 
jreater desiccation and wind action. 

The increased emphasis on the exploitation 
of minerals and rocks in the arid zone and its eastern 
fringe has led to extensive mining and guarrying, 


denudation of hill slopes and large scale loosening 


of rock faces - all leading to conditions that aggra- 


vate the processes of desertification. у 
As mentioned earlier, tne increasing livestock 


pressure in the arid districts of Rajasthan and 
Gujarat has led to overgrazing, deforestation and 
exploitation 91 the woody biomoss in the region. 
This has. resulted in extensive removal of vegetation 
with consequent erosion hazards. “Rodents have also 
contributed towards desertification to an appreciable 
degree. 

1n conclusion, 
Indian arid zone is, 


it may be stressed that the. 
even under normal conditions, 
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an area with a relatively greater population density 
in comparison with other arid regions. The intense 
biotic. activities have logically led to overexploi- 
tation of land and vegetation, triggering off a series 
of natural processes that are rapidly enhancing the 
physical manifestations of desertification. 


III. CONTROL OF DESERTIFICATION 


a. Institutional Infrastructure 


The following institutions and government depa- 
rtments are engaged in research, surveys, investiga- 
tions and pilot experiments on various aspects of 
arid zone problems in India: 


1. The Central Arid Zone Research Institute 
(CAZRI) at Jodhpur is working under the 
Indian Council of Agricultural Research 
(ICAR), New Delhi. The institute has the 
following functional divisions - Basic Re- 
Sources Survey Division (covering geology» 
geomorphology, hydrology, ecology, carto- 
graphy and photo-interpretation); Plant 
Studies Division (covering range management; 
plant protection, horticulture, silviculture, 
toxicology and agrostology); Division 9 
Animal Studies (covering animal ecology: 
rodent control, animal nutrition and physiol- 
ogy); Division of Soil-Water-Plant Relation- 
ships (covering agronnomy, plant physiology» 
water. management, soil chemistry and soil 
Physics); Division of Economics and Exten- 
sion (covering Sociology and agricultural 
economics); Division of Extension and Trel^ 
ning * (covering extension, training, infor- 
mation and audo-visual aids); and Division 
of Wind Power and Solar Energy (covering 
Climatology, wind power and solar energy 
utilisation). 


и 
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In addition, the institute, in collaboration 
with. other agencies; is playing a leading 
role in various coordinated and operational 
research projects in the field of dryland 
agriculture, improvement of millets, water 
management and soil salinity, rodent control, 
drip and ,sprinkler irrigation and aridland 
management. 

The Central Sheep and Wool Research Insti- 
tute at Avikanagar is also working under 
the Indian Council of Agricultural Research , 
New Delhi. This institute is carrying out 


` pilot studies, with demonstration units 


Тог extension work, оп various aspects 
of improvement and promotion of livestock 
breeding, production of wool and management 
of grasslands. The Indian Grassland and 
Fodder Research Institute, Indian Veterinary 
Research Institute, National Dairy Research 
Institute and Central Soil Salinity Research 
Institute are some of the other institutions 
under the Indian Council of "Agricultural 
Research working on various problems of 
arid zone development. 

The Geological Survey of India through 
its Quaternary Geology, Geomorphology 
and Environmental Geology Division (Desert 
Geology) has taken up six specific arid 
zone projects on.- (i) Sand advance, (ii) 
Desert evaluation, (iii) Lake salinity, 
(iv) Luni basin, (v) Ghaggar basin, and 
(vi) Rann of Kutch. Through a programme 
of detailed geomorphological mapping of 
the arid tracts by means of intensive field 
work, this division is providing basic 
information on geological, geomorphological 
and geochemical aspects of the arid zone 
relevant to the movement of sand, salini- 
Sation, relationship between landuse and 
geologic/geomor phic characteristics and 
palaeoclimatic evaluation. This is in addition 
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to the preparation of detailed geological 
maps апа reports оп mineral evaluation 
and the first geohydrological map (1969) 
Prepared by the Geological Survey of India 
on the basis of extensive field studies: 
The Botanical Survey of India and Zoological 
Survey of India have taken up systematic 
explorations in the arid and semi-ar! 
tracts in order to build up a detailed 
inventory on the flora and fauna in the | 
desert region. 

The Central Salt and Marine Chemical Re 
Search Institute at Bhavnagar is primarily 
Concerned with Problems of desalinisation 
of water, Utilisation of solar energy а" 


development of economic products Wu | 
naturally occurring brines in the кад 
of Kutch and the offshore areas of ue 


arid zone, 

The Central Groundwater Board, after 5 
pels over complete groundwater survey 
ор the Geological Survey of India, P^ 
een continuing Systematic geohydrologio i 


à e 
Surveys ang explorations in the arid гон 
Poon 


it 


Provides the network of basic meteor? 
wind ining to rainfall, temper 
Me Parameters and evaporation for yo 
Thi апа semi-arig tracts of the сон 
15 department is carrying out гёз оү 
on various aspects of desert meteors 
ee Special reference to the Thar аера 
ought Research Unit under this deP all 


x conducts Systematic studies on ^j | 
Стас aspects Of  chronically aroud 2 
prone areas of the country It studii- 
agroclimatology of’ drought, drought Pf of 


ctions, fluctuations in aerial extent 24 
drought, and synoptic features asso 
with drought, “duststevms and гат ий 
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The Central ‘Water Commission, Ministry 
of Agriculture and Irrigation has undertaken 
detailed studies on appraisal and promotion 
of irrigation facilities in drought prone 
areas. It has also been associated with 
the activities of the Technical Advisory 
Committee on Agroclimatic Study of Droughts 
set up іп the Meteorological Department. 
An International Crop Research Institute 
for Semi-Arid Tropics (ICRISAT) has been 
established at. Hyderabad to provide support 
Тог intensive research on various aspects 
of dryland agriculture. 

The University of Jodhpur (Desert Studies 
Centre), Agricultural Universities of Gujarat 
and Haryana and the Agricultural College of 
Udaipur University have taken up specific 
research oriented problems of the arid zone 
and are also helping in imparting education 
on arid zone problems. 

The Institute Francais, Pondicherry has 
contributed through the preparation of the 
regional vegetation maps pertaining to Rajas- 
than and Gujarat in collaboration with Indian 
Council of Agricultural Research. Recently, 
the Physical Research Laboratory, Ahmedabad 
has taken up programmes, in collaboration 
with Central Arid Zone Research Institute and 
Geological Survey of India, for dating and 
correlation of caliche from the desert tracts. 
The Institute of Palaeobotany, Lucknow and 
the Physical Research Laboratory, Ahmedabad 
have carried out palynological analysis 
of samples from the desert tracts. 

The Survey of India provides the basic 
topographical maps of various scales. The 
National Remote Sensing Agency and Indian 
Space Research Organisation have the basic 
infrastructure and know-how for undertaking 
necessary programmes for interpretation 
of satellite imagery and application of remote 


sensing techniques. 


The basic responsibility of implementing 
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the results of survey, investigation and 
research Тог effective management от the 
arid zone rests with various departments 
of the state governments. For instance, 
in Rajasthan, Programmes for introduction 
of rationalised dryland farming, improvement 
of farming techniques, groundwater explora- 
tion, prevention of Soil erosion, afforesta- 
tion, creation of Shelterbelts, management 
of livestock, dairying and wool production 
have been undertaken by respective depart- 
ments concerned with agriculture, forestry, 
groundwater, animal husbandry апа sheep 
and wool. The Irrigation Department has 
implemented Small and medium irrigation 
Schemes in the state while the Indira Gandhi 
esponsible for the implemen- 
tation of the Indira Gandhi Canal Project 
Which is expected 10 introduce extensive 
agriculture into the western arid tract. 


Similarly, there is a Strong infrastructural 
base for implemen i 


ment programmes in other regions. 

The Desert Development Board and the 
Commissioner ^ Гог Desert Development are 
responsible for Coordination of different 
Programmes including relief measures for 
affected areas. At the national 
$5 the Ministry of Agriculture and 
Irrigation is responsible for coordination 
of various activities ‘towards agricultural 
development in tha Country. For integration 
of environmental Concern in development 
Programmes, a National Committee on Enviro- 
nmental Planning and Coordination (NCEPC) 
has been constituted. Under the terms 
of reference assigned’ to it, one of the 
major tasks of this Committee is promotion 
of research in environmental problems: 
The NCEPC functions through two 5ибсот- 
mittees, namely the Environmental Research 
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Committee (ERC) and the Indian National Man 
and Biosphere Committee (MAB) to assist 
the Department of Science and Technology 
in sponsoring research activities in areas 
of environmental concern. 

The Indian National MAB Committee is in 
consonance with the worldwide Man and 
Biosphere Programme of the UNESCO. The 
National MAB Programme focuses its attention 
on ecological aspects of environment and 
has accepted specific project areas relating 
to the effects of human activities on the 
biosphere including landuse practices оп 
grazing lands (from temperate to arid 
areas) and dynamics of arid апа semi- 
arid ecosystems. 


b. Drought Prone Area Programme (DPAP) 


A special programme has been launched іп 
the country since 1970-71 for the development of 
areas chronically affected by drought. Most of the 
districts in the states of Rajasthan; Gujarat and 
Haryana forming part of the great Indian desert 
are covered under this programme. The programme 
has basically two objectives-(i) Restoration of the 
derelict ecosystems and promotion of ecologically 
integrated development, and (ii) Generation of income 
and employment for the local population, especially 
the small and marginal farmers and agricultural 
labourers. The strategy is to improve the economy 
Of these areas through a package of infrastructural 
and on-farm development activities with the objective 
of optimum utilisation of land, water, vegetation 
and human and livestock resources of these areas. 

The main thrust of efforts is towards soil 
and water management, sand dune stabilisation, crea- 
tion of windbreaks, development and management 
Of the pastoral economy of these areas through 
а set of supporting and interlinked schemes of ground- 
Water development and restructuring of cropping 
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pattern and landuse practices. Economic water use 
and management techniques and Systems аге being 
Stressed upon and developed. Agricultural extension 
machinery 15 being Suitably geared to guide and 
motivate local Population to adopt improved agri- 
cultural practices and livestock rearing. 

Stress is laid on raising the productivity 
of livestock through an integrated programme of 
breeding, feeding, health Cover and marketing of 
livestock produce. In order to meet the shortage 
of feedstuffs, schemes for pasture improvement, 
fodder development and fodder banking have been 
taken up in denuded areas, linked with the schemes 
of runoff management and utilisation of irrigation 


for fodder Production. Pilot Schemes for settlement 
of nomadic population 


population, particularly the 
- : dern or exotic technologies, 
action oriented development-cum-research and training 


Pported under the programme. 


c. Integrated Rural Development Programme 


The [Integrated Rural Development Programme 
has been undertaken in various parts of the country. 


This programme covers some areas in the arid and 
semi-arid regions of Rajasthan, Gujárat and Haryana. 


Various aspects of agriculture, Small scale industry» 
marketing, rural housing, 


and family welfare have 
programme. The major obj 


environmental conditions © 
g those in thedesert regions: 
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d. Desert Development Schemes 


(i) Rajasthan: To  stabilise the agricultural 
economy and initiate its growth, the following sche- 
mes were initiated in May 1970 for execution in 
Barmer district-(i) Rehabilitation of forests on 
hills (12,500 ha), (ii) Grassland development for 
fodder banks (2,000 ha), (iii) Development of pastu- 
res (6,000 ha), (iv) Reclamation of saline soils 
(3,000 ha), and (v) Windbreak plantations (5,000 km 
of rows). 

The scheme for rehabilitation of forests on 
hills has covered a considerable area with kumat 
(Acacia senegal), dhoora (Anogeissus pendula) and 
bushes to protect the area against grazing and brow- 
Sing. The trees are now reestablished and the ground 
15 covered with grasses and bushes. The resulting 
Scrub forest has provided fuelwood from dead and 
dry fallen wood in addition to grass and grazing 
facilities. On a rotation of 40 years, each hectare 
Will yield 200 quintals of fuelwood. In addition, 
two quintals of grass is made available annually 
from the fifth year. 2 

Under the scheme for development of pastures, 
Controlled and rotational grazing has been introduced. 
Some of the areas have been reseeded with perennial 
8nd nutritive grasses like dhaman (Cenchrus ciliaris), 
Каја dhaman (Cenchrus setigerus), karad (Dichanthium 
annulatum) and sewan (Lasiurus indicus). Moreover, 
in some of the pastures various top feed species 
have been planted. 

" The programme for rec 
is intended to convert these lands 
lands for cultivation by planting salt resisting plants. 
Vilayeti babul (Prosopis juliflora) and babul (Acacia 
nilotica)are now fairly well established. Windbreaks 
in multiple rows of suitable tree species of vilayeti 
babul, Israeli babul (Acacia tortilis), farash, neem 
(Azadirachta indica) and siris (Albizzia lebbek) are 
being planted ‘along all important roads, railway 
lines and around tubewells. The windbreaks will 


into productive 
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protect roads and railway lines from being ho 
with sand and check wind erosion in adjoining 
ward lands. 

j In the Jaisalmer district of Rajasthan, все ш 
have been launched Тог cultivation of green footy 
in -200 ha, pasture development in 3,000 ha а 
raising of one hundred wood lots and two nurseh ан 
Investigations have proved the existence of зашти 
with potential of installing several tubewells wi 
an average discharge of 150,000 litres per houa 
Thee x ploitation on this groündwater is expecta 
to help green fodder cultivation in this area. T i 
Government of Rajasthan has undertaken a pile 
project during 1973-74 for groundwater utilisation" 
The targets of this Project are to undertake fodde 


Production in 300 ha, pasture development im 750 b 
organisation of milk 


area has sincé b 


посве r 
distribution amongst landless farmers. In orde 


r ccess 
vergrazing and to ensure the su nde 
Stabilisation Programme, ипсоттапо“' 


“and is not allotted for human settlem 
Steps have: also been 110] 


з лау А taken to ensure prov lan 
of irrigation facilities Prior to allotment of 
for farming. 


(ii) Haryana: The Programme of desert аем 
ment in Haryana was initiated during 1969-70. AJ cr 
culture, minor irrigation and forestry are the mired 
Components `of this programme. The biggest ting 
that has so far been undertaken towards arres 
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desertification in Haryana is the spread of irrigation 
facilities. This has enabled the adoption of measures 
for reforestation and seeding of grass for stabilisa- 
tion of sand dunes. In order to improve the moisture 
regime of the area, the Government of Haryana is 
now spending a major portion of its funds on irriga- 
tion activities. There are large areas where the 
topographical features do not permit irrigation through 
gravity flow. The government has initiated projects 
for lift irrigation in such areas. 

To meet the acute shortage of water for drink- 
ing and irrigation purposes, schemes for percolation 
bunds have been approved by the Desert Develop- 
ment Board under the minor irrigation programme. 
As a result of construction of these bunds, the 
land below the bunds has been reclaimed for culti- 
vation with a rise in the, water level in the wells 
in an area of 39 to 52 km. The water in the wells, 
which was highly saline before, has improved іп 
quality and is now within the permissible quality 
limits. The areas enclosed by the bunds could 
even grow a crop of wheat with the stored moisture. 

Significant additions to forest area in the 
desert tracts of Haryana have been made through 
Several programmes. Ап area of 36,983 ha is now 
under protected forests. The activities under the 
forestry scheme include afforestation on hills and 
Nonarable areas in the plain, fixation of sand dunes, 
Setting up of windbreaks in agricultural tracts and 


Pasture development. 


(iii) Gujarat: The arid areas in Gujarat lie 
Contiguous to the arid areas of western Rajasthan 
and have similar conditions. Projects on minor irri- 
gation, soil conservation апа afforestation have 
.been undertaken under the desert programme in 
Gujarat. The programme for minor irrigation includes 
Construction of check dams (adbandhi) and tubewells, 
The check dams conserve water and moisture by 
inundating the enclosed area which, in turn, helps 
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to leach the salts. These are expected to benefit 
an area of 766 ha. Under the tubewell scheme, 
16 sites were explored, of which 13 have proved 
successful. When completed, they are likely to 
benefit 1,040 ha of culturable command area. Under 
the soil conservation programme, contour bunding 
has been done in over 3,000 ha. 

A new technique of afforestation is now under 
trial. This consists of deep ploughing, contour bun- 
ding and planting of seedlings. This technique is 
reported to have increased the survival percentage 
of plantations to 60 on an average. It has been 
reported that the plants have come up well on the 
higher slopes, but they have stunted growth in 
the valleys where salts accumulate. The prob a 
of keeping the salts away during the initial реда 
of plant growth has to be solved. Construction 9 
shelterbelts along roadsides, creation of village 
forests and fodder banks are some of the important 
activities to be undertaken for increasing vegetal 
cover. In the next 25 years, it is proposed 12 
raise every year a desert border plantation in over 
500 ha, shelterbelts in. 100 km, village forests 
in 200 ha and irrigated plantation in over 50 һа: 
e. Study Team Reports 


A multidisciplinary team of Scientists (1972); : 
under the auspices of the IndianrNationala Science 
Academy, made an on-the-spot study of certain 
aspects of western Rajasthan desert. The various 
measures Тог different areas as recommended by 
the study team include the following aspects: 

1. Areas having or liable to have irrigation: d 
i) Development of Surface irrigation, E 
ii) Development of windbreaks and shelterbelt*: 

2. Areas which cannot ђе covered by surface 
irrigation: 

i) Accelerated groundwater investigation?’ 

ii) Sand dune Stabilisation, 1 
iii) Pasture development 
grazing, 
Improved dryland 
v) Animal husbandry, 


ў of 
and regulation 


М) farming technique?’ 
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vi) Organisation of service cooperatives, and 
vii) Crop and animal insurance; and 
3. Needs for research and development: 

i) Studies of arid zone soils and adjustment 


of landuse, 
ii) improvement in meteorological studies, 


iii) Development and perfection of remote 
sensing investigations, 

iv) Interdisciplinary research and international 
cooperation with UNESCO Programme оп 
Man and Biosphere, 

v) Programme of training and education of 
desert techniques, 

vi) Establishment of a computer centre for 
the interpretation of data and the appli- 
cation of systems analysis in environmental 
research, and 

vii) Special investigations - sand dunes, water 
balance, geomorphological studies, crop 
losses, stability and functions of the 
ecosystem, integrated studies of the desert 
ecosystem, utilisation of wind and solar 
energy, Scope for expanding mineral-based 
chemical industries and saline water con- 
version. 

dM "mU National Commission on Agriculture (1974), 
154 R у the Government of India, has made detai- 
Re ч ecommendations on the management of desert 
Commi in the country. The recommendations of the 

ission on various aspects are outlined as under: 

1. Conditions should be created to enable 
the nomadic people to lead a settled 

„муе The migratory system of rearing 
cattle and sheep has led to higher morta- 
lity, low yields and unsystematic breeding. 
Higher percentage of illiteracy amongst 
the desert dwellers may also be accounted 
for their migratory livelihood; 

2. Pasture development, regulated grazing 
and creation of grass reserves should 
constitute an important programme for 
the rehabilitation of the desert. Rotational 
grazing and grass reserves have to be 
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planned in fairly .large blocks, each of 
а minimum size of 200 Һа.  Unirrigated 
land should not be parcelled out in sme. 
bits to the landless people but shoul 
be’ consolidated in large blocks for pasture 
development; | 
The desert area, even on генантытаг go 
would not be able to support the presen 
Sheep and goat population. A progress! 
reduction in the number of goats, within 2 
30 per cent of the sheep population, 15 
recommended. The number of sheep shoul " 
not be increased but improved through > gg 
breeding. In view of the importance a 
animal husbandry in the desert area, 1 
should be aimed to utilise about 30 Per 
cent of the irrigable area for growing 
fodder crops; ff 
Nature has endowed the desert areas we 
hardy grasses and shrubs, which are ар 
to. survive in arid conditions with thet 
deep root systems. Grasses like anjan 
(Cenchrus setigerus) , dhaman (Cenchrus cilia- 
ris) and sewan (Lasiurus sindicus), which | 
grow in these areas, have a fairly ge 
Protein content and are relished by He 
livestock. The Shrubs yield various гч 
berries, ^ few tree Species, notably кпе 
(Prosopis cineraria), provide top feed T 
Толеу Sheep Landi goats. These’ аге neay d 
lopped for fodder and fuel. The phog (C2! а 
gonum polygonoides) is а valuable bush 2 
the desert. 
ground provid 
are dug out 


become a regular vocation and prov! 


employment to a large number of Без E 
The digging up of phog roots loosens | 
Soil resulting in accelerated wind eror aes 
and dune formation. To check such activi 
alternative sources of fuel and liveliho 
need to be provided. 
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| The desert area should, be selfsufficient 
in the matter of fuel supply to the extent 
possible. The major activity for plantations 
Should be confined to the irrigated parts 


' of Indira Gandhi Canal command areas. Sui- 


table. shelterbelts and windbreaks should 
also be established to minimise the desic- 
cating effect of hot winds and reduce sand 
castings. At places of cattle concentration, 
farmers and cattle breeders should be en- 
couraged to install cowdung gas plants to 
ease the fuel problem and to ensure availa- 
bility of the residue as manure; 

All shifting dunes in the command 
of canal irrigation must be stabilised to 
prevent sand castings on arable lands. Gra- 
zing of livestock on these dunes should 
also be restricted; 

Much of the prosperity of the desert areas 
would depend on the judicious use of the 
available water resources comprising rain- 
water, groundwater and surface water. To 
make fuller use of the available water reso- 


all known methods of water harvesting 
able condi- 


areas 


urces, 
should be promoted wherever suit 


tions obtain. After meeting the important 
requirements for domestic use and industries, 
available, should 


groundwater, wherever 
be developed for growing high value crops 
and orchards. Irrigated grass farms for 
fodder banking would not be feasible on 
tubewells due to high cost of water. 

The irrigation policy should be to cover 
as large an area and as many Тагтзг5 as 
economically possible. High intensity need 
not be aimed at; and 
A long term plan for laying electrical trans- 
mission lines should be drawn for the desert 
areas according to developmental requirements. 

The Commission has also made specific 
recommendations on cropping pattern, affor- 
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estation, reclamation of saline lands, cat 
and dairy development, organisation of eee 
keting facilities and demarcation of ar E. 
for Desert National Park, Based'on the asse 4 
ment of the present status and future por” 
tial, the Commission has recommended Mess 
able measures for the development of i 
desert areas in the country (Rajasthan, Ha 
fyana and Gujarat), 


f. Integrated Approach 


During the past few years, worldwide activi ia 
on arid zone studies have been promoted by vari E 
agencies within the United Nations. In Indiar Sa 
sequel to government's concern for чезегїнеаы ии 
Steps were taken to establish facilities for unde = 
taking basic апа applied research on the problema 
of arid areas. This led to the setting up of t r 
Central Arid Zone Research Institute at  Jodhpu 
in 1959. Several oth nd 
logical Survey of India, Department of Science M 
Technology, Desert Development Board, state depa 7B 
ments, research institutions and universities He 
the desertification proper 
Programmes and activities * 


А een 
; Considerable experience has b 
acquired on different 


have been explored wi 


and wind energy have 


n 
ties. Operational research Projects have also Pan 
Junsted. in tHe тамаа to expedite effec 
transfer of technology, у ions 
However, despite Considerable сопи рисин 
апа prodigious efforts оғ the concerned organisati 
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no significant breakthrough has yet been achieved. 
A major reason for this is the lack of an integrated 
approach. Most of the efforts for halting deserti- 
fication and reclamation of arid areas have been 
sectoral in nature without adequate cognisance of 
the collateral issues. The available scientific infor- 
mation on the rational use of ecosystem resources 
15 yet to be converted into action programmes. So 
far, the absence of a judicious resource utilisation 
Policy inter alia land, water and energy has been 
the major impediment towards effective implementation 


of development programmes. 
The action programme to combat desertification 


is a major task which covers activities under many 
disciplines and consequently several institutions 
both in the spheres of investigation and implementa- 
tion. In view of its magnitude and complexity, it 
15 important to have a comprehensive time phased 
Plan of development with a clear idea of relative 
Priorities and interdependence of various programmes. 
For instance, in dairy development or sheep husban- 
dry it is necessary to raise sufficient fodder. This 
Will necessitate controlled grazing, raising of green 
fodder and planting of leguminous shrubs wherever 
‘Possible, 

The расе at which the antidesertification mea- 
Sures can be carried out will depend on the availa- 
bility of resources of man, material and money. 
There аге · constraints on the supply of a number 
Of essential materials. These are to be kept in 


View while formulating any programme. — D 5 
The most urgent step in the antidesertification 


Programmes is to check further deterioration of 
arid and semi-arid areas. Diverse technologies are 
Now available to put the land to the best use depen- 
ding, on its capability. The success in transfer 
Of these technologies would depend on a coordinated 
endeavour of the concerned organisations for imple 
menting massive extension programmes. The approach 
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should be an integrated one in which measures Тамо 
ving technological adaptations and епуігоптепїа 


management are linked with social and economic 
conditions. 
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[НЕ LIK RIVER OF THE RAJASTHAN DESERT: 
TS-SOURCE, COURSES AND PRESENT CONDITION 


Amal Kar 


I. ABSTRACT 


Studies with, the help of) remote sensing 
techniques and field investigation on the Lik, which 
is the westernmost tributary of the Luni, have 
indicated that the origin of the river is in the 
ranns of That and Ujlan, although its present course 
is shown to originate from the hills of .Bhaniyana. 
Some of the former courses of the Lik have been 
traced to indicate its past pluvial environment. 
The major cause of the present decadance and partial 
Obliteration of the river is aridity. 


II. INTRODUCTION 


One ‘of the very few right-bank tributaries 


of the Luni, the Lik river is now in the process 
of obliteration. While high sand dunes along its 
banks have restricted .its defined course. formation 
of new barchans and barchanoid dunes across its 
Course at several localities are obliterating parts 
Off it. хес, tne morphological characteristics of 
the river indicate that the river was of considerable 
size in the past, with a far wider catchment than 
at present, and the local folklores suggest that 
it was a stream of some consequence. No study has 
VetWbeen! taken, up) to, explore its source and to 
trace out its courses. The aim of the present article 
is, therefore, to trace its origin. its former courses 
and also to indicate the the causes of its present 
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a | А тће 
decadence. The Study was carried out ж. 
help of available aerial photographs, Landsat 
and extensive field survey. 


III. THE SOURCE AND FORMER COURSES OF THE LIK 


In ап the available topographical sheets ne 
Lik has been shown to originate from the low Дини 
hill ridges to the west of Bhaniyana in Jaisa ad 
district and flow past Dantal, Phalsund, . Gira d 
Santara until its course is lost to the south of wr. 
approximately 20 kilometres to the north of es 
on the Luni. Moreover, in its upper reaches, "mue. 
ially between Bhaniyana ang Phalsund the rivera 
course is shown as disjoi indica Ё 
gradual obliteration of the stream in this pa 
The total length of the stre 
Bhaniyana to its 
near Mekarna is 118 kilome 
gradient of 1 in 691. me- 

hat пе Stream тау have its origin 50 "e 
where to. the north 9f the Bhaniyana hills "eu 
apparent during field Survey and .interpretation E. 
serial photographs and Landsat imagery. The PUT 
а is more or less flat Е: 
Over most part ond 
Pediments, especially Е о 
(Playas) оғ That, Jhalaria 


e 
tres, with an averag 


Pokaran. Detailed St 


catchments, ‘al 
rann at That has an ou 
while that of Jhalaria ter 
the rann at Pokaran, Which is fed by the AUS 
from the ranns at Dediya and Lawan, seems to AST 
an outlet to the South, although it needs ee 
confirmation. When the flow pattern from the Pati 
8t That. and Jhalaria Were reconstructed it was the 
that the rann at That useg to contribute to and 
Lik through the vicinity of Marwa, Teliwara 


has one near Ujlan. 
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Choudhari-ka-Dhani, while the Jhalaria rann used 
to drain out through Ujlan and then meet the course 
mentioned above near Marwa (Fig. 1). Subsequently 
the Jhalaria rann found another exit to meet the 
Pokaran rann in the north. 
К It is thus apparent that the source of the 
Lik was not near Bhaniyana, but in the ranns of 
That and Ujlan. Even now when there is abnormally 
high rainfall in the area the two ranns are said 
to drain out to the Lik, thus substantially increasing 
its discharge. However, such occasions are extremely 
Pare and the river is in flow once in 30 to 50 years. 
The moderately deep alluvium along the Lik, on 
the other hand, indicates that the river was a 
Major tributary to the Luni during a past pluvial 
Phase. It had its own small tributaries. from the 
rocky uplands, both in the east and the west. One 
of the major streams feeding it from the east was 
through the vicinity of Nathrau, Kanodiya, Asalai, 
Ratariya and  Vijaniyan-ki-Dhani, ultimately joining 
the Lik to the south of Dantal. This stream had 
another confluence with the Lik near Phulasar. How- 
ever, unlike the Lik the course of this stream is 
Now totally buried and its alluvium is overlain 
in most parts by parabolic sand dunes of 10 to 35 m 
height. It is possible that the Saraswati, traced 
formerly by Ghose, et al (1980) in the region, 
did also occupy this course formerly. The stability 
Of the dunes in the region and the presence of СаСОз 
impregnated layer (Капкаг pan) within the alluvium 
are the indicators of the ancestry of this buried 
Stream, 
The flood plain of the Lik was a wide one 
becuase of the shifting nature of the river. Although 
Over most of the area occurrence of high sand dunes 
restrict the collection of relevant information on 
the nature of sediments, sampling at selected sites 
indicated that the width of the flood plain was 
More on the right bank side of the present stream 
Course, because it is on this side that the stream 
reached its farthest limit. For example, near Gira 
the width of its alluvial plain on the right bank 
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side is approximately 15 to 17 kilometres, while 
on the left bank side it is about 5 to 7 kilometres 
wide. The alluvium thickness, however, generally 
varies between 60 and 120 cm and is covered with 
varying thickness of aeolian sand. а 
The \westernmost course of the Lik coula 
be reconstructed from near Rawat Singh-ka-Dhani 
and through the vicinity of Swau Bari, Kanor, Рапауга 
and Akdara. It used to meet the Luni somewhert 
between Juni Samesra and Nausar. The easternmo 
course could be reconstructed from near Gira and 
through Sibi and Jhalamaliya to near Gol where 
it used to meet the Luni (Fig. 1). Within this limit 
the river shifted several times and ultimately came 
to its present course. И 
As mentioned earlier, the course of the river 
is very much indistinct to the south of Jund. How- 
ever, from detailed investigation it has been poss" 
. ible to trace it through the east of Dudwa and then 
through Gol railway station to Mekarna where it 
used to meet the Luni. Another major confluence 
of the river with the Luni was at Bhimarlai fro" 
where the former course of the river could be traced 
Upstream roughly through the vicinity of Khawas 
Ка-Мада апа about two kilometres west of роама 
9 Упа (Fig. 1)4 In this’ southern part some mina 
channels from the hills to the west of Jund an 


Khatu did also contribute in the past to the mainten" 
ance of the Lik's courses, 


IV. DISCUSSION 


The major cause for 
of the Lik's course 
the studies of Goudie, 
(1974) and Ghose et al 


the gradual disappearance 
is aridity. As indicated | 
et al. (1973), Singh, -et 92 
(1977) the desert in Раја n 


than underwent at least two major wet phases, ns 
one followed by a major dry phase (including "PM 
present one) during the о 


: last Quaternary per ten 
It is probable that the integrated drainage SY? “g 


n 
of the Lik existed during a major wet phase агом 
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40,000 years B.P., when much of the alluviation 
took place. The succeeding prolonged dry phase 
dessicated the plains and created high sand dunes, 
obliterating many drainage lines in the process. 
The stability of the dunes, the evidence of two 
distinct phases of dune building activity in them 
and the compactness of the older form in them clear- 
ly indicate that another wet phase invaded the 
region subsequent to this period of main dune for- 
Don апа, the аде of 10,000-3,800 years B.P.; 
arrived at by Singh, et al.. (1974) for the second 
wet phase from elsewhere in the desert, could be 
tentatively fixed for it. The channel processes might 
have gained some prominence during the регіоа,. 
although restricted by the increasing sandy nature 
of the terrain. It is Suggested that while the Lik 
maintained its presence through shifting courses 
during those phases, the tributaries joining it could 


not do so and were gradually buried under aeolian 
sand. 


dry phase even the Lik 
to extremely rare flow 


tain. its true fluvial character. The dominance 07 
aeolian process has resulted in a mixing of the 
coarser fluvial and finer aeolian sands, and their 
reworking has Produced small isolated moving sand 
mounds of about 1 m height within the bed. Yet 
the banks of the river could still be recognized 
as 1 to 3 m high cliffs with associated strath formed 
of CaCO; concretion of riverine sand, aeolian sand 
and other finer Particles, over which the high 
sand dunes have formed, Тће width of the river 
varies generally from 500 to 1000 m. In the extreme 
cases 3 to 5 m high barchans and barchanoid dunes 
have formed in the river bed, especially around 
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Dantal, Phulasar, Phalsund and Rawat Singh-ka-Dhani. 
Thus the twin factor of dessication and increased 
aeolian activity is leading to gradual obliteration 
of the surviving course of the Lik. 
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DESERTIFICATION PROCESS UNDER 
DIFFERENT LANDFORMS USING REMOTE 
SENSING TECHNIQUES IN PALI DISTRICT 


P.C. Vats 


I. INTRODUCTION 

Over past thirty years (1951-81) the population has increased 
very rapidly. Pali district registered higher growth rate (31.12 per 
cent) as against overall national growth of 24.75 per cent. Similarly 
the animal population has also increased resulting in the per head 
decline of grazing area to 0.03 ha, Itis very low as compared to 
other district of western Rajasthan. This increasing buman and 
livestock population pressure has disturbed the ecological balance 
and as a result desertification escalates and environmental deteriora- 
tion follows. The different ecosystems have been degraded by the 
accelerated desertification process of water erosion, wind erosion/ 
deposition, salinity/alkalinity, flood and industrial population. 
Keeping in view the importance and seriousness of the problem the 
present study was conducted by employing remote sensing techniques 
and ground truth, The salient findings of this study have been 


presented in this paper. 


П. METHODOLOGY 

Study on the desertification process under different landforms 
was conducted with the help of aerial photographs of 31,000 scale, 
T.M. of 1: 50,000, black and white land — sat imageries of 500,000 
scales, Survey of India toposheets of 1:250,000 and 1:50,000 scales 
and field surveys. Data on morphological changes like water 
erosion, wind erosion/deposition, salinity/alkalinity and floods under 
different landforms were recorded in the field. The informations for 
the comparative study were also collected from the toposheets of 
1934, aerial photographs of 1958 and landsat imageries of 1974. 
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IH. DISCUSSION 


The desertification processes in different ecosystems i.e. fluvial 
and aeolian have been discussed below— 


1. Desertification of the fluvial ecosystem: 

Interference of man in the Dature such as cutting of trees, 
grazing of animals and construction of tanks and canals across the 
courses of prior drainage channels enhanced the fluvial geomorphic 
processes which created the sheet, rills, gullies, salinity, flood and 


polution hazards. About 31.35 percent area of the district has 
been desertified in the fluvial ecosystem. 


(i) WATER HAZARDS: 
Due to torrentia! rainfall 
in the form of sheet 


gravelly pediments, buried pediments, flat older alluvial plains and 
obstacle sand dunes. 


is washed off with the 
Because of these hazards 
d the productivity of these 
he total area affected by water erosion 


moderate to severe Sheet to rill hazards 


al plains. Rill and gully 
d-lands, 


(ii) SALINITY HAZARDS: 

^ In this district Salinity largely occurs in the flat older alluvial 
plains, younger alluvial Plains and buried pediment plains. The 
construction of irrigation reservoirs at Sardar Samand; Kharda 
Chpora, Hemawas and Nayagaon has resulted into water logging, 
capillary rise of the sub-surface salts and spread of salinity in the 
adjoining agricultural fields, (Tables 4). The excess irrigation from 
saline water having 6-10 m mhos/cm total soluble salts has affected 
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large part of the district. Slight to moderate salinity has affected 
305.70 sq. km area of sandy undulating buried pediment plains, 
saline older alluvial plains, saline younger alluvial plains and water 
bodies. The salinity of moderate to severe intensity has desertified 
489.05 (3.95 per cent) sq. km of saline older alluvial plains and 
water bodies. The severe to very severe salinity hazards has affected 
38.09 (0.31 per cent) of shallow saline depression and a very small 
part near Kharda village located in the saline older alluvial plain. 


(iii) FLOOD HAZARDS: 
Unlike the humid and sub-humid parts of India heavy floods 
mi-arid regions of western Rajas- 


are not common in the arid and ser 
nted 


than. A low pressure monsoon depression caused unprecede 
torential rainfall during July 1979 in the Luni, the Guhiya and the 
Bandi catchments. During a period of 4 days (i.e. 16th to 19th 
July 1979) the area received rainfall of 600 to 900 mm which is far 
above the annual average of 367 mm. 

Due to this flood of high velocity conspicuous morphological 
‘changes in the river beds, younger alluvial plains and older alluvial 
plains took place. Sizeable area along the river channels were 
damaged either by scoring meandering or sand deposition. At 
several places i.e. Sanjee, Bhaton ki Dhani, Bhakri to Bhadrayan 
the sand was deposited on good agricultural Јапа in the form of 
sand mounds and sand sheets varying in magnitude from 20 cm to 
lm. In these villages at several places the good agricultural land 
has also been eroded upto the Kankar pan. About 200 villages 
were affected and out of which 195 were severely affected and sub- 
merged into the water. In these affected villages about 1800 houses 


or huts were damaged. 


Due to the morphological changes in the form of erosional and 


depositional hazard, the productivity of flood plains decreased. 
About 95 per cent of Kharif crops were damaged. This flood period 
was abruptly followed by a drought period in the entire district. As 
а result the Kharif crops production was practically negligible e.g. 
Bajra and Jowar 45 and 9 tons, respectively. The comparative 
study conducted by Dhir et al. (1982) revealed that there is a signi- 
ficant variation in the characteristics of original sediments and the 
fresh sediments deposited by the flood. The fresh sediment have 3 
to 4 per cent clay and less than 1 per cent silt and around 3.5 per 
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cent moisture retention capacity. The original soils contain 6 to 10 
per cent clay and 4 to 7 per cent salts and 5 to 20 percent moisture 
retention capacity. (Dhir et al. 1982). 

As per available material, the status of fresh flood sediments 
15 comparatively lower than original buried soils (Table 1). 


Table 1. Available nutrient status of fresh sediments and original 


soils. 
Fresh sediments Original soils 
Location Organic PO KO Organic PO KO 
carbon 25 2 carbon 25 2 
(96) (kg/ha) (kg/ha) (95) (kg/ha) (kg/ha) 
Luni to 
Kankani on 0.06 13 92 0.17 25 495 


Dhir et al. 1982 


(iv) POLLUTION HAZARDS: 


The textile industries of Pali which are very important for the 
economy of the area, are causing health hazards to the local public. 
These factories discharge huge amount of liquid waste which include 
the metals like vanadium and nickel bleeching powder, castic soda 
and sulphuric acid. A huge amount of effluent water of these 
factories is poured into the Bandi, an ephemeral river, excepting Гога 
few days of rainy season. The effluent water of the industries is 
highly contaminated (Table 2 & 3) and remained stagnant and 
recharge the wells located either sides of the river. As a result the 
water of the wells of Malawas, Garwara, Leoria and many other 
villages located in the down stream have become saline/alkaline. 
"The wells which are located near to the effluent water which is 
stagnant since long show considerable faecal pollution MPN index 
varies from 9 to 64/100 mg, which is much higher than the permissible 
limit of 10/100 ml. All the wells located far away from the bed of 
the river or the stagnant effluent, the electrical conductivity varies 
from 783 to 1333 micromhos/m and pH values range between 8.1 to 
8,7" (Singh, 1985). 

Because of the polluted water the land use system in the younger 
alluvial plain of the Bandi river has been adversely affected. The 
water which is used for irrigation contains the anions like the chloride 
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(298 to 1491 mg/lit), cronttes (11 to 55 mg/lt) and bicarbonates 
112 to 495 mg/lit) (Singh, 1985). Due tothe presence of these salt 
the land which was irrigated by this water has become very hard and 
thus a problem of sodicity has developed. Now this land is a waste 
land. The polluted water has also affected the productivity of the 
Bandi younger alluvial plains, Before 1971 when the textile indus- 
tries at Pali were very few, the production of Kharchi wheat in that 
area was 20 to 22 q/ha, but now it has come down to 5-8 q/ha and 
of raya from 4 to 6 а/ћа, has come down to 0.5-1.5 q/ha. 


2. Desertification of the aeolian ecosystems: 

Due to the over grazing, ploughing in wind direction during 
sum mer season, long fallow and continuous cultivation on land in 
the area, the wind deflation and erosion hazards in the form of sand 
sheeting (0.5 to 0.75 m thickness) and hummocks (1 to 2 m heights) 
have occurred. In this district 359.69 sq. km area of good agricul- 
tural land has been damaged by these hazards. Out of 359.69 sq. 
km area, slight wind deposition hazard covered 239.06 sq. km (1.95 
per cent) area of the older alluvial plains. Moderate to severe wind 
depositional hazards affected 120.63 sq. km (0.97 per cent) area of 
the sandy undulating older alluvial plains. 


IV. SUGGESTIONS TO COMBAT DESERTIFICATION PROCESSES 

The following suggestions for better utilization and management 
of different ecosystems be considereds: 
b. Soil and water conservations measures are urgently needed to 
control soil erosion and to conserve water resources. Suitable sites 
for the soil and water conservation have been suggested (Vats, 1983). 
2. The small dunes or hummocks and sandy plains which are 
highly vulnerable to desertification processes should be completely 
Checked from animal grazing and cultivations. The hummocks which 
are active should be checked by mulching with local plant materials. 
This should be followed by sowing grass seeds along mulch lines 
during the rainy season. 
3. To avoid the menace of wind erosion/deposition hazards the 
deep ploughing in the wind direction during summer season should 
be discouraged. The ploughing should be done across the prevailing 


South-west winds. $i 
4. To avoid salinity hazards there should be controlled irrigation 
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shallow soils and granite terrain and profuse irrigation should be 
stopped. 


5. Controlled grazing should be introduced, if possible, grazing 
lands should be fenced. on aie 
6. The effluent water of the industries should be released in t 

river only after the proper treatment and removal of harmful salts. 
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REMOTE SENSING APPLICATIONS FOR 
NATURAL RESOURCES AND DECISIONS MAKING 


N.C. Gautam 


I. INTRODUCTION 

The digital information transmitted electrically from the satel- 
lite platform to ground stations can be utilised in a number of ways: 
Image for visual display can be synthesised from the data. Statistical 
information may be derived which quantifies such information as 
soil type, vegetation type, water quality, land use and some other 
pertinent geographic features. Crop inventories may t 
very accurately and on a recurring basis throughout the growing 
seasons. Geomorphic features of interest, such as major fault, traces 
or drainage system may be delineated with the aid of satellite imagery. 
Errors inherently troublesome in traditionally ground based map- 
ping techiques can be avoided by using satellite imagery to plot 
small scale map that actually portray reality. ; 

By giving earth scientists the ‘BIG PICTURE’ satellite allows 
decision to be made concerning areas of large extent of remote 
location. These decisions can be based on accurate, easily accessible 
and constantly updated information provided by the Remote Sensing 
Platform. 


1. Satellite 

The first Landsat/ERTS (Earth Resources Technology Satellite) 
was launched on July 23, 1972. The name of the ERTS-1 was 
changed in January 1975 as Landsat - 1 (Land Space Application 
Technology or Satellite). Landsat - 2 was launched on January = 
1975 and Landsat - 3 was launched on April 5, 1978 and files ina 
circular orbit 920 kms. above the earth's surface and circles 
the earth every 103 minutes ог roughly 14 times per day with 
repetitive coverage every 18 days. A unique feature of the satellite 
because of the orbit, is that it views the earth at the same local 
time, roughly 9.30 a.m. a 
of the earth about 185 kms. in Wi 
successive strips would be abo 
progressively less at the poles. In 


remote sensing techniques are being used. 
Landsat - 4 was launched on July 16, 1982 and Landsat - 5 


on March 1984 with MSS and Thematic Mapper and circles the earth 
705 kms. above the earth surface. It has repetitive coverage every 
16 days and covers a strip of the earth surface about 185 kms. in 
width, At present Landsat ~ 5 is in operation. 


2. Spot 
The SPOT satellite was launched on 23 Feb. 1986. This 
satellite observes in three spectral bands (in the visible and near 
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infrared portions of the spectrum) with a ground resolution of 20 
metres and in a broader spectral band (Panchromatic black & white) 
with a ground resolution of 10 metres. 


3. IRS-IA 

Indian Remote Sensing Satellite (IRS-IA) was launched on 17th 
March '88. The payload system of IRS-IA comprises of 3 Linear 
Image Self Scanning (LISS) cameras, each of them working in 4 
spectral bands,- 3 in visible and one in near IR. The first camera 
designated LISS-I provides a resolution of 73 metres and a ground 
swath of 148 kms. The second and third cameras designted as 
LISS-II А and 1158-11 B respectively with a ground resolution of 
36.5 metres and swaths of 74 kms. 


4. Remote Sensing 

Remote sensing is the acquisition of physical information from a 
source that is stationed some distance at far away. Instruments used 
to gather this information are called remote sensors. After the eye 
and telescope, film camera is perhaps the oldest remote sensor. They 
play an important role in the aerial photographic surveys of land, 
water and forests. Beyond the camera and the aircraft, spacecraft 
and new improved electro-magnetic sensors have come into use and 


the data thus received from these sensors are being used for different 
natural resources studies. 


П. METHODOLOGY FOR NATURAL RESOURCES MAPPING 


For analysis and interpretation of natutal resources two types 
of data are needed. 


1. Basic data 2. Ground data 


]. Basic Data includes : a) Satellite data b) Computer compatible 
tapes (CCTs) с) Aerial Photographs d) Toposheets e) Area map 


on any scale to transfer the details f) Local knowledge g) Reports 
etc. 


2. Ground data 


з The ground data collection is very much essential to verify the 
interpreted classes and also to give the training sets to the computer 
for analysis and also to minimize the field work. 

The whole study can be divided into three parts: (i) Preliminary 
work; (ii) Field work; (iii) Post field work. 

(i) Preliminary work includes: (a) to see the limitation of the 
satellite data and to develop a criteria for the evaluation of classifica- 
tion system; (b) preparation of pre-field interpretation key; (c) pre- 


paration of field map; (d) classification adopted; (e) interpretation 
of different themes; and (f) size of unit to be plotted. 


(ii) Field work includes: (a) selection of sample area for final 
checking and (b) its verification in respect of changes in the classi- 
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fication unit due to; (i) wrong identification (ii) fresh development, 
(iii) ambiguity in the definition, etc. 

(iii) Similarly post field work takes into account (a) reinter- 
pretation; (b) correction. of doubtful areas, and (c) preparation of 
the final map. 


Ш. SATELLITE DATA FOR NATURAL RESOURCE SURVEYS 

The remote sensing technique has helped in the collection of 
various types of data of immense importance to geographers, geolo- 
gists, forester, agronomists, hydrologists, soil scientists and experts 
of various other disciplines through the use of special sensors from 
satellite or aircraft. The repetitive nature of satellite imagery enables 
its use for many gainful purposes of mapping the natural resource 
surveys which are given below: 


1. Geology and Geomorphological Mapping 

Using satellite data in the form of imageries both in black and 
white and false colour prints, lineament/tectonics and landform 
association maps could be prepared by standard visual interpretation 
techniques. Large areas can be mapped within à short time due to 
the synoptic over-view. The greatest contribution of satellite image- 
ries for geological studies has been in the field of structural analysis. 
Structural features which are not identifiable on the ground ап 
some-times even on aerial photographs, have been identified very 
easily оп satellite imageries becausc of thier regional coverage. 
Constructional and distributional landforms. landforms associate 
with the sub-aerial processes such as wind, water, ground water, 
glaciers, Etc., specialised landforms and their implications on the 
existing physical and cultural processes could be studied properly 
using multidate satellite data. 


2. Soil Mapping 

Soils, one of the most renewable natural resources as the basis 
of food production are needed to be studied, observed, characterised, 
classified and mapped so that they can be put to maximum utility. 
Qualities of satellite such as synoptic view and repetitive coverage 
enable the soil scientists to carry out critical studies on soils using 
remote sensing techniques. 

Maps showing association. of soil sub-groups on 1:250,000 
scale could be generated through computer using Landsat in the 
form of CCT in conjunction with computer implemented pattern 
recognition techniques- But by using aerial scanner data even high 
intensity soil maps could be prepared with sufficient ground data. 
This technique could be expected to augment the soil survey efforts 
but of course can not replace traditional soil surveying specially for 
preparing semi-detailed soil maps. However, soil maps produced 
by this techniques could undoubtedly form a base map for further 


detailed soil surveys. 
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3. Forestry and Vegetation Mapping 

Remote sensing techniques with the computer facilities as 
available in NRSA enable for intensive-mapping of forest types such 
as evergreen, deciduous, bamboo forests, teak forest, degraded 
forest, etc., depending upon the region and species composition. 
Area under forest can also be calculated using computer facilities. 


4. Hydrological Mapping 

Identification and mapping of the water bodies like rivers. 
lakes, Jagoons, tanks, ponds, bays, estuaries and reservoirs provide 
valuable information of source or location of water supplies for 
various purposes like drinking and other domestic needs, agriculture 
and live-stock population, etc. Upto-date information and change 
in water-bodies can be obtained using Landsat multidate data. 


5. Land Use and Land Cover Mapping 


Remote sensing technique has proved to бе а rapid, economic 
and reliable technique in preparing small and regional scale thematic 
maps. Land Use and Land Cover mapping is one of the important 
thematic mapping work, where remote Sensing techniques can well 
be applied for quick, accurate and economic mapping of Land Use 
and Land Cover categories. The categories that can be obtained 
from thc remotely sensed data includes urban or built-up areas, 
mixed forest, ever-green and deciduous forest, scrub land, grass 
land, mixed hill plantation, crors fallow and barren land, surface 
water bodies like rivers, tanks, reservoir, Jakes and canals. By virtue 
of satellite, capability of repetitive coverage the information about 
various land use and land cover Categories can be updated at 18 days 
interval. Thus a map could be prepared showing existing informa- 
tion on land use and the changes that occur in land use which will 
be of immense value for regional planning, Using aerial scanner 


data high intensity land use (urban and rural i a 
analysis can be effectively done. Пи а dum gre 


IV. ROLE OF REMOTE SENSING IN DECISION MAKIN 


G 
The relationship of man to his 


p of man environment and to the natural 
iesources that sustain his life and activity involves a continuous 


series of major and minor decisions. Decisions are the determinates 
of a course of action. А Sequence of decisions is the process by 
which we set the goals toward which Organised society or individuals 
move and by which guideposts are established along the way. Thus, 
the purpose of decision-making is to set a goal or target for action 
and to guide along the route by which the goal is achieved. ; 


The role of remote sensing in the decision process is merely to 
provide reliable information—at an acceptable level of accuracy, 
in a timely, cost-effective manner. The decision maker’s goal is to 
make the right decision when it needs to be made. 

Now question comes, what isa decison ? A decision is “the 
act or process of arriving at a solution that ends uncertainity 
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or dispute”. It is “the act of making a choice or judgement". It isa 
determination (position or conclusion) arrived at after consideration. 


To start with it is important to recognise that man's relation- 
ship to his resources is extremely complex. As he strives to allocate, 
develop, use, manage, and monitor the resources so critically impor- 
tant to his continued existance, it is essential to appreciate the strong 
interaction and side effects that may result from each decision and 
action of any resource use and development program. It isa 
rare case where one decision and action program does not impact 
another; for example, agricultural development impinges on prime 
forestry or grazing lands with implications in watershed and wild 
life management. Urban and Industrial development or the setting 
of infrastructure may cause both beneficial and deleterious side effects 
on agricultural land use. And finally, extractive industry and poor 
land use practices in agriculture, forestry and grazing land manage- 
ment can cause extremely undesirable side effects on watersheds. 
In this complex setting, man makes his decision and takes action to 
extract his need and wants from the natural resources available to 
him. The long term results will depend on how rational and well 
informed are each of his decision along the way. 


У. STEPS IN RESOURCE MANAGEMENT 


A resource allocation, development, use and management, four 
major functions are essential to the decision and action process. 
These are: 

— Inventory 

— Analysis 

– Operations 

... Planning 
... Implementation 

- Monitoring 

Remote sensing comes into play in the inventory and the 
monitoring functions. The role of remote sensing in the inventory 
function is obvious as a mechanism for developing information 
which is then analysed and fed into the decision and planning 
process, Remote Sensing's second role comes in monitoring which 
has as its purpose the five-tuning of the action or implementation 
programme. 

The inventory requires some attention to the; whole landscape 
and to all resource elements. In a complete analysis, maps are 
provided of the kind of resources and their geographic distribution 
with tabulation of areas. Monitoring function, on the other hand, 
rarely looks at the whole area. It is generally doneon a restricted sub- 
sampling basis which focuses on measuring responses ог reactions to 
the implementation programme—main effects, side effects and 
progress towards the goal. 


VI, THE ROLE OF REMOTE SENSING 
The role of remote sensing in natural resources decision making 
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is, therefore, to provide the essential facts, to provide intorna na 
that is relevant to each decision that is required to remove i ee ne 
of the problem while producing a minimum of PA xe 
effects. As the sophistication of the sensor system increases, i Ee 
to become more and more demanding of the analyst and his dee 
understanding of ecological condition and the ecological голае 
and processes that take place on and beneath the earth's ч és 
Thus one can get useful information about earth resources p | 
satellite data of that particular landscape. Remote sensing is 1 ge 
to be the most cost effective way to ensure sound decisions a ee 
an action programme because it reduces fieldtime, makes staff ma 
effective, provides more timely and useful information or reduces E 
total project duration. The potential role of remote sensing in fs 
decision process is high, where field or ground examination costs ae 
very high, location of ground observation points are difficult x 
impossible of access, subjects of interest can be sensed or measure 
from a distance, and where time or staff are limited. $ 

There are three areas of decision making in resource manage 
ment Each of these three has its unique and different information 
requirements. These three areas are: 

--- Legislation, policy and broad planning 

-. Resource allocation as to purposes and combinations of uses. 

-.. Resource management at various levels. Г А 

Each of these three broad functional areas are multi-level in 


character with a unique information output being required for the 
decision made each level. 


The scale of imagery used or 
the amount of detailed informatio 
be noted that legislative, bro 


ҮП CONCLUSIONS 


Thus Remote Sensing provides пе 
on natural resources at less Cost, 
reliability and in a mor 
methodologies. The accu 


eded information particularly. 
potentially at higher levels ^ 
€ timely manner than conventional groun 


: гасу of the analysis should be checked ang 
the nature and magnitude of commission and omission errors. Give 


this information, the decision maker can use the results and move 
ahead in the decision process. 
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APPENDIX I 


Report of the Workshop Deliberations 


1 INTRODUCTION 


The University of Jodhpur, conducted the U.G.C. sponsored 
National Workshop in Recent Advances in Monitoring the Process 
of Desertification from October 27 to 3rd November, 1985. A total 
of 50 participants comprising the University and College teachers 
and researchers in Geography, Botany, Physics, Zoology, Climatology, 
Economics and Allied fields participated. In this workshop academi- 
cians from varied disciplines have assembled for the first time to 
present their comprehensive techno-scientific expertise in monitoring 
the process of ecodisaster. The participants and resource personnels 
came from almost all the geographical areas of India—North-East 
(Imphal), Sutlej-Ganga plain (Kurukshetra, Rohtak, Delhi, Aligarh, 
Lucknow, and Gorakhpur), the Deccan plateau (Hyderabad), coastal 
plains (Waltair), Gujrat plain (Baroda) and the arid and semi-arid 
plain of Rajasthan (Jodhpur, Jaipur, Bikaner, Ajmer, Didwana, 
Bhilwara, Ganganagar and Chittorgarh). The workshop activity was 
divided into several focal themes each including addresses, lectures, 
demonstration, tutorials, field and laboratory exercises and discussion 
on specific topics followed by practical sessions for direct handling 
and application of the techniques demonstrated. 


II PURPOSE AND OBJECTIVE ACHIEVED 

The main purpose of the workshop was to demonstrate present 
and future techniques of environment-watch system by using remote 
sensing-visual and computer aided techniques. The workshop also 
featured the conventional carto-numerical and field observation 
techniques in cross tabulating the known physical and human 
parameters. The participants were taught the use of sophisticated 
and advanced methods in class exercises, laboratory, and field 
sessions. It was designed to meet the growing need of the younger 
generation researchers and teachers to equip and formulate the 
advanced knowledge in environmental amelioration studies for 
hazardous areas. The approach was to offer practical training in 
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handling the data by mutual interaction of the participants € 
Tesource personnels, The general objectives of the workshop were 
achieved in the following manner: " 

(i) The participants were acquainted with the present state-o 
the art in measuring the process of desertification. | 

(ii) They were imparted basic skills in the use of cartographi¢ 
and remote-sensing techniques by visual and digital analysis of 
environmental data of the Indian. desert, 


(iii) They were Provided training in laboratory and field les 
Perspectives and methods for planning and managing the eco 
disasters. х 

(iv) They were equipped to devise and apply such techniques 
for testing the Spatial-temporal dimensions of the natural hazard in 
their own areas, 

(v) They were taught to perfect the techno-scientific knowledge 
in assessing, monitoring, Storing, presenting and sensing the overall 
aspects of eco-units, 

(vi) They were made Conscious to understand the national and 
regional crisis in their 
Positive manner for 


in fragile €counits, and to Spread the application of new tools and 


t-disciplinary research. 
ur TECHNICAL DELIBERATIONS 
The Workshop a 


ddressed the following focal themes during 
eight technical Sessions, 
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lectures and addresses of Dr. N.C. Gautam, Head Division of Land- 
use and Mapping, National Remote Sensing Agency, Hyderabad 
(Application of satellite Data for geographical studies). Dr. Surendra 
Singh, Geomorphologist, Central Arid Zone Research Institute, 
(Remote Sensing in Monitoring Desertification Process under Diffe- 
rent Landform Ecosystems) and Mr. A.K. Sen, Head of the Carto- 
graphy Division, *Central Arid Zone Research Institute (Environ- 
mental Degradation due to Desertification in Rajasthan Desert). 

3. LECTURE ON CLIMO-EDAPHIC PARAMETERS were deli- 
vered by Dr. Y.S. Ramakrishna, Climatologist, Central Arid Zone 
Research Institute (Climatic Changes in Relation to Desertification), 
Mr. S.K. Saxena, Economic Botanist, CAZRI (Desertification in 
Western Rajasthan) and Mr. Nepal Singh, Soil Scientist CAZRI 
(Desertification by Soil Approach) on the afternoon session of 28th 
October. 

4. The focal Theme, HUMAN FACTOR ANALYSIS was discussed 
by Mr. S.P. Malhotra, Head Division of Human Factor, 9 CAZRI 
(Human Resource Assessment in Arid Zone of Rajasthan), 16325 
Bharara, Economist, CAZRT (Animal Human Relationship and 
Desertification), Prof. A. Ahmed, Chairman, Centre for Regional 
Dev. Studies, JNU (Desertification in India: Social Causes and 
Consequences), Prof. Jagdish Singh, Univ. of Gorakhpur (Environ- 
mental Degradation) and Prof, R.N.P. Sinha, M.S. Univ. Baroda 
(Monitoring desertification and environmental assessment) in the 
lecture sessions from 29th Oct. to Ist Nov. 1985. They emphasized 
the priority of updating the methodology and techniques of environ- 
mental studies alongwith the other universal problems of population, 
pollution and poverty. 

5: THE TUTORIAL AND LABORATORY work consisted of 
cartographic, remote sensing and focal theme discussions by the par- 
ticipants and resource personnels every day in the evening sessions. 
Specific demonstrations Were presented by Prof. Jagdish Singh 
(Gorakhpur), Dr. N.C. Gautam (NRSA, Hyderabad), Prof. N. Sankh!a 
(Jodhpur), Prof. M.M. Bhandari (Jodhpur), Dr. D.M. Bohra (Harare) 
and Prof. A. Ahmed (J.N.U. New Delhi). 

6. THE FIELD EXERCISE AREA SESSIONS included the 
guided visits and on-the-spot studies of aridland landscape in the 
Central Arid Zone Research Institute, Photo-interpretation Labora- 
tory, Kailana watershed and rangeland study, Operational Research 
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Programme in Daijar Village, Beriganga Nursery, Mandore gardens 
and Jodhpur fort and its environment. 


7. On Nov. 2 the participants presented individual reports on 
SPECIFIC AREA STUDY AND ISSUES in environmental planning 
and amelioration. They emphasized the development of diversified 
strategies and strong coordimation in monitoring the degradation of 
natural environment in different geographical situations of India. 


IV RECOMMENDATIONS 


The concluding session on 3rd Nov. 1985 was devoted on the 
workshop recommendations and award of certificates. The committee 
for presenting the recommendations was convened by Prof. Mohi-ud- 
din of Govt. College, Bhilwara and attended byall the participants 
and resource personnels. Specific resolutions in the form of work- 
Shop recommendation were discussed in depth and unanimously 
adopted. The workshop examined the physical, biotic and socio- 
economic factors in the process of desertification and perfected the 
recent tools and methods for monitoring such processes, It is re- 
commended that— 

(i) The desert space is an asse 
utilization should aim at ameliorati 
environment. 


tto the country and its optimal 
ng its physical, biotic and human 


shed, khadins and irrigated areas. 


sion will be responsible for developing conceptual frames, field- 
cartographic-quantitative and remote sensing techniques, advanced 
tools and teaching materials for colleges and universities. 


APPENDIX II 


Participants note/Observation 


]. Dr. H.M. Saxena, 
Head, Deptt. of Geography, 
Govt. College, Sriganganagar. 


For proper use of available resources in desert regions as well 
as for integrated development planning following steps should be 
taken in its first phase: 


lz 


that education of environment specially the desert ecology 
should be given right from primary classes. There is a 
need to educate public specially the rural people, scatteral 
throughout the region. 


. the question of desert expansion should be discussed and a 


final opinion be formed, irrespective of pre-determined 
notions. 


. separate development plans should be prepared for Arid 


and Semi-Arid regions. Similarly plans for those areas 
should be prepared where irrigation facilities are available. 


. for Indira Gandhi canal region, Ganga canal model of 


colonisation may be taken as a base. 


. Regional survey of resource potentialities should be con- 


ducted in order to formulate development plans. 


. there must be co-ordination between research agencies like 


CAZRI, Desert Development Authority, Birla Dev. Studies 
Centre, as well as of State Government. 


for formulating the desert dev. plans care should be taken 
for social and behavioural pattern of the people. 


there is a need for periodic evaluation of the results of 
plans implemented for desert development. 
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2. Dr. V.K. Sharma, 
Reader, Geomorphology, 
Kurukshetra University, 
Kurukshetra. 


The resource personnel gave a good exposition of the State of 
existing environmental parameters in their various symbotic relations 
which give a typical character to the desert land-scape. The techni- 
ques and methodologies that have been used as parameters for the 
identification of desert environment, and accentuation of desert-like 
conditions within and in the frin 


Be zone of deserts were explained 
in sufficient details. 


However, the emphasis fell short of the techniques used for 
“monitoring” the process of desertification process, I feel efforts 
should be channelised towards quantification of the boun 
tions for a proper comprehension of the process of desertification. 
Such an approach will go a long way in predicting the state of fragile 


desert eco-system at any given point in time and space under the 
everchanging stress of technologic influences, 


dary condi- 


3. Dr. Sachidanand Sinha, 
Deptt. of Geography, 
M.D. University, Rohtak. 


І. The evaluation of human 


e eval and social factors in the process of 
desertification callsfor a great 


cation callsfo -teater comprehension of the socio-economic 
and political institutions in time and space. There is no denying the 


fact that through these institutional fitters and channels the social 
man as an actor on the fragile Stage of the desert ecosystem receives 
information which has a Strong bearing on his behaviour. Man in his 


Socio-economic and poli times in harmony with 
f conflict may be cohe- 


rently understood in the evaluation of the production systems and 
the meaas and relations of Production. In this regard I suggest one 
must approach the problem of monitoring the Process of desertifica- 
tions from the point of institutional and Structural dimensions of the 
desert society. 
2. 

institu 


tical milieux is at 


In the light of technogenic changes brought about by modern 
tions a new dimension of conflict (between man and nature 
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among various segments of society and between communities in 
different stages of production nodes) has emerged. We have on one 
had, for example, the basic needs of people and on the other the 
commercial gains of society. Such conflicts have identified the 
course of desertification. Our task is to look closely into the natural 
course and consequences of such conflicts. 

3. With respect to the culturation of marginal lands which has 
allegedly contributed to the process of desertification one must care 
to observe as to who cultivate the marginal Jands and why ? Is the 
marginal land being cultivated by those who have been gradually 
pushed on to the margins of the socio-economic or by those who 
have the means of production and whose voracious appetite for 
greater economic benefits has accentuated the process of desertifica- 
tion ? 

4, With respect to dissemination of technological innovations 
one must also look into the economics of innovations vis-a-vis the 
structural resistance which inhibit the process of diffussion. One 
must pose that if the innovation has an inherent but unintentional 
class bias its acceptance by a broad cross-section of society may not 
take place. 

5. Lastly, I would suggest that the problems associated with the 
process of desertification needs greater pursuance and enquiry from 
the perspective of dialectical relationship between socio-economic 
and institutional process. 


4. Dr. R.D. Gurjar I, 
Rajasthan University, 
Jaipur. 
A few suggestions are made under the light of delibrations from 
CAZRI scientists and some others as following: 
a) To avoid after effects of some programmes, a holistic view 
of the:problem should be taken by the concerned scientists and 
administrator. The water logging problem near Suratgarh 
along the periphery of Ghaggar diversion channel depression 
witness this fact. So all studies conducted by state/central 
government scientists should be co-ordinated. 
2. Solar energy should be utilized to meet at least the local 
fuel needs of the people. 
3. There shculd be systematic demonstration of the technology 
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developed so far, so that people may participate relating to 
cultivation practices more particularly. 

4. The DDP, MAB should be integrated to implement the 
programme of all govt. deptts. 

5. The livestock development needs more care by introducing 
good hybrid animals. 

6. More preference should be given to the less water consum- 
ing plants and tress having some economic value. 

7. Underground water potential, should be fully utilized. 

8. Research relating to climatic, eda 


should be utilized to make manag 
efficient. 


9. Saline water treatment plants should be utilized more 
extensively 


10. Мо foreigner should be allowed 
Jaisalmer areas, 


phic and biotic aspects 
ement more cognitive and 


to do tourist business in 


5. Nisar Ahmed Sheikh, & 
Kanta Prasad Sharma, 
Govt. College, Beawar. 


The workshop in recent ad oring the process of 
desertification, organized by deptt. of geography, University of 
Jodhpur has thrown sufficient light on the basic question of адуапсе- 


And assuming this view, 
d : desertification in western 
Rajasthan. And to check this following m 


2. Enhance agricultural develo 


tural facilities through canals, 

(b) adopting dry farming 

(c) using the seeds havin 
growing season. 

3. Change in live-stock pattern. 

every field of life should be 

animal of desert 


Pment by (a) increasing agricul- 
tube wells etc., 


methods, and 
5 quick germination and short 


Maximum use of camels in 
made. Because this is the only 
» Who plays the least part in the process of 
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desertification. It chews only the upper leaves of the trees and 
the cushiness form of its feet disturb the sand least. The study 
of this kind has been conducted in African desert, and the 
results are positive one. 

4. Stabilize sand dunes by proper management and plantation 
of drought resistant grasses and shrubs. 

5. A shelter belt of trees can be planted in the marginal areas 
along the 25 em isohyet and afforestation on large scale should 
be done in western Rajasthan. 


6. Alternative sources ofenergy should be provided to city 
dwellers, so the commercial cutting of the trees can be checked. 


6. O.P. Sharma, 
Head, Deptt. of Geog., 
D.A.V. Degree College, 
Lucknow University 


The national workshop on ‘Recent advances in monitoring 
the process of desertification” sponsored by U.G.C. and held under 
the direction of Prof. A.K. Tewari, Head, Geography Deptt.. 
Jodhpur University is a very successful and inspiring step to get the 
participants coming from various areas of the country, acquainted 
with the deteriorating desert conditions in the region. Iam really 
benefitted by the lectures delivered by several resource personnels of 
repute. The workshop has provided me with the comprehensive 
techno-scientific knowledge of the process of desertification, its 
various causes of origin like the environmental degradation and 
imbalances in the eco-system of this hot arid and semi-arid area of 
the country. 

The knowledge of the recent technique and tools like remote 
sensing explained in the workshop will certainly help in providing 
sufficient data and its interpretation with regard to the mineral, soil, 
water and biotic resources of the region. 


To ameliorate the environmental conditions of the land and its 
people together there is a prime need for desert development plan- 
ning. Some measures like afforestation, pasture development, develop- 
ment of horticulture, animal husbandry, increase in the suitable 


280 


cropping pattern, increase in the irrigation facilities may convert 
this region as а self-sufficient and economically viable unit. During 
the field exercises and visit to Surrounding environment I have also 
observed that there is also a prime need to educate the people to 
avoid harming the eco-systems of the region. Field study tours and 
visit to. Central Arid Zone Research Institute and Photo-interpre- 
tation Laboratoty, Kailana water-shed. Rangeland Study, Mandore 
Garden and beautiful picturesque Surrounding of Jodhpur bas 
provided with the physico-cultural information of the areas. Simi- 
larly the cultural programmes arranged by the students of Geography 


Deptt. has embodied the true cultural picture of Rajasthan's dress, 
folk song, dance and drama, 


7. Prof. PIN, Pandey, 
Manipur University, Imphal. 
The lectures delivered by the experts on various topics has been 
very much beneficial Specially to me who is in very remote and iso- 
lated part of the country in Manipur, The visit to the CAZRI has 
given an impression of measures taken by the Institute to check and 
to make the Biblica] quotation—‘The desert will bloom', a true and 
Correct picture, 


The visit to other areas has been equally important and bene- 
ficial by providing best picture of the desert region. 


The cultural Programme presented by the students of the Deptt. 
of Geography has given a true 


Rajasthan. It entertained all the p 
guide during visit of different edu 


The site of the Workshop is very good and I feel this should be 
preserved for such academic Pursuit in the future too, 


The Workshop has been Very successful as far as my observations 
are concerned. All the aspects and factors have been taken into 


8. Dr. P. Viswanadham, 
Deptt. of Geography, 
Andhra University, 
WALTAIR 530003. 

l. From the deliberations of the scientists from CAZRI, it is clear 
that the area is endowed with hugee potentialities of some climatic 
resources like solar energy and wind force. These resources being 
renewable in character, will stand for any level of exploitation. The 
development programme must be oriented towards making maximum 
and best utilization of these resources. Use of solar energy and 
wind power, as a substitute to fuel and electric power, not only 
meets the domestic and industrial demands for energy but also 
minimizes to a great extinct the non-judicious exploitation of non- 
renewable resources like biotic and mineral fuels. 
2. Aridity, which has resulted from acute water deficiency, can be 
reduced by choosing appropriate crop and by growing itin the 
appropriate season which matches will with the period of moisture 
supply. Matching of crop seasons with the climatic seasons, may 
yield better results. 
3. Some parts of Rajasthan do receive surplus water during the 
rainy season. In rational water use planning, the water surpluses 
have to be carefully conserved for proper utilization during lean 
seasons of water deficiency. This kind of planning may be made 
both for receiving drinking water as well as for irrigation. 
4. Since the state experiences significant abnormalities of thermal 
efficiency throughout the year, if hygric conditions are also made 
favourable. the areas will support the growth and development of 
natural as well as introduced vegetation. This condition can also 
be monitored by practising cultivation of such crops whose tempera- 
ture and sunshine demands are high and moisture needs are lower. 

5. It is observed that some of the techniques developed by CAZRI 

are not adopted by the people. In orderto get over this problem, 

it is recommended that a separate mechanism may be developed so 
that these techniques and devices are easily adapted by the users. 


9. M. Istiaq, Jamia Millia Islamia, 
New Delhi. 
The Western part of India, especially West of Aravalli is 
suffering from desertification. Both biotic and abiotic factors are 
found responsible in the process of desertification. 
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In the present workshop, this problem has been studied = 
matically with the aids of remote sensing techniques and compu = 
The workshop could receive many positive ways for checking is 
process of desertification such as afforestation, reducing the ae 
lation pressure on the marginal lands, checking of over grazing a 
deforestations etc. : 

Besides these, following points should also be given proper 
attention: | 6 

1. emphasis is to be given how best human resources can 

utilized without deteriorating the desertsands. Tourism is one 

of the field where a large section of population may be engaged. 

2. grazing — one of the largest economic activities in the areas 

should be expanded and properly managed. 
3. establishment of milk processing industries. 


4. plantation of date palm should be encouraged which will 
yield economic returns, 


10. R.P. Chaturvedi, 


Head Deptt. of Geography, 
Govt. College, Beawar. 


The climate of the area 

Heron in his Memoirs has 
humid in the past. He 
stayed in dense forests of 
more, it is evident from the Р 
been forested in the past geol 

What factors were res 
from humid to arid, 


mentioned that the areas has been 
referred to epic age that Pandavas 
Saraswati & Ghaggar valleys. Further- 
alana lignite mines that the area had 
ogical ages. 


ponsible for this change in the climate 


Over grazing 

If the areas is to be 
desertification, 
Should be prefe 
But the density 

Finally, 
the people o 
Should be ch 
canals in th 


protected from over grazing which lead to 
the ecology of live-stock is to be changed. Cattle 
rred in canal areas and sheep and goat in other areas. 
of animals must ђе Jow everywhere, f 
Some sort of changes may be brought in the habits 0 

f this area, like food habits, Occupation etc. Nomadis™ 
ecked. They should be made sedentary by providing тог 
€ region. Cutting of trees should be checked, alternatlv 


Tean 
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fuel should be provided by Govt. and other social institutions so 
that they may shift over to LPG gas, Gobar gas etc. in place of their 
dependence on firewood. This cultural change in the society may 
bring some involvement of the people of the area in restricting the 
desert area. In my opinion it is the people of the area to be made 
more cautions regarding the desertification, rather than the Govt. 
and other social institutions. 


11. Dr. R.D. Gurjar I 
Assistant Professor, 
University of Rajasthan, 
Jaipur. 


The problem of the desertification is of course, a very concern 
of the home and therefore this workshop was indeed needed at the 
crucial juncture. No workshop can render magical results over night 
but this workshop has been very much successful in exposing the 
various dimensions of the serious menace of desertification, leading 
to the disasters to the already cripped economy of Rajasthan. 

]. The term desertification generally misunderstood with the 


* process of sand dune sbiftings and high velocity winds has been 


variably explained in its true sense. 


2. A wide range of lecturers of physical, biotic and social aspects 
of this problem has very brilliantly been dealt with and the various 
scientists from CAZRI and Deptt. of Botany, University of Jodhpur 
have exposed the concerned aspect of their disciplines and now look 
into the geographer who fuses the result if not the methods of a host 
of other sciences. Now the ball is in the court of a geographer who 
should develop a balanced concept of desertification and come for- 
ward with a practical and rational line of action to combat this 
emerging crisis. 

3a. Various scientists have assessed the problem very carefully but 
from the deliberations of CAZRI scientists it appears that they have 
proceded with a prior hypothesis of desertification, hence the possible 
imbalances are necessarily to be removed. 


3b. The measures suggested by the scientists are plagued with the 
negative aspect of remady. They have suggested to check the over- 
grazing by reducing the population of animal husbandry, to ban the 
felling of trees for fire wood, but without any alternatives to the 
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consumer. In fact, such measures are not rational and in harmony 
with the concept of development. Such nagative doctrines may 
aggravate the social desertification and is bound to decrystalise the 
social fabric. 

Hence here is the question of accommodating the interest of 

class people suggesting some practical measures imbibed with positive 
concept of growth. 
4. This is the crucial hour in which role of geographer has been 
challanged and geographers (all participants) should take a firm 
pledge to leave no stone unturned in performing this pious duty of 
harmonising the interest of all with positive framework the very exis- 
tence is in peril. 

Lastly, the very success of this workshop is in giving a timely 


alarm to all the champions of human beings and this very arm now 
awaits the sincere efforts of participants. 
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Dr. Anil К. Tewari is Professor and Неа. 
of the Geography department, University o 
Jodhpur (India). He has been working in th 
area -of desert development for the last thre 
decades. His contributions include researc! 
papers, text books, monographs and articles on 
regional development, landuse, tribal food 
systems, water conservation, remote sensing 
and perception of desert environment published 
in India and abroad. He has widely travelled 
and lectured in the Universities and research 
institutions of France, U.S.A., U.S.S.R. and 
Mexico, -He is also member of several national 
and international bodies of advanced research 
in desert environment. > 


5 2 na = 
COMBATING DESERTIFICATION IN 
DEVELOPING COUNTRIES 


Edited by Dr. J. K. Jain 
University of Jodhpur, Jodhpur/India 


The issue of desertification is globally important and subject to lively 
research; Desertification is occurring everywhere in the world, but 
itis accelerating most rapidly in the developing world. Currently, 
about 35 per cent of the world's land surface is at risk, and the liveli- 
hoods of 850 million people who live there are directly threatened. 
Human overexploitation of lands through overcultivation, overgraz- 
ing, deforestation, poor irrigation practices, bad management and the 
rural neglect are some of the underlying causes of desertification 
menace. Despite considerable contributions and prodigious efforts 
of the world's nations to halt the process of desertification, the prob- 
Jem has rather increased in severity over the last decade due to the 


absence of coherent planning. 


The Sahelian drought of 1968-73 focused governmental and public 
‘attention on the problem of desertification as a whole. In response, 
the United Nations Conference on Desertification (UNCOD) was 
convened in Nairobi, Kenya, from August 29 to September 9, 1977. 
The present book is based on twenty country reports prepared for 
and presented to this Conference. The countries, scattered over the 
four continents of the world, include Australia, Afghanistan, Bangla- 
desh, Cyprus, India, Jordan, Kuwait, Nepal, Pakistan, PDR of 
Yeman, Botswana, Ethiopia, Ghana, Libya, Nigeria, Somalia, Tanza- 
nia, Greece, Portugal and Yugoslavia. The desertification problems 
and their solutions have been discussed with frequent references to 
the related country. An effort has been made to modify the reports 
to include the information of the last decade. The book will be 
found useful by decisionmakers, planners, administrators, specialists 
and technicians of developing countries facing desertification prob- 


lems. 
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